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Amerdiment List No.1 


to 
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2nd Edition 


HS Merk IT and A.S.V. Mark TIT 
ART. 5153 


1. Make the following amendments in the book and when they have been 
incorporated, make an entry on the amendment Record Sheet. 


2. Fig.67 amend marking of lead to repeater motor marked "black" to 
read "biue*. 


3. FigeS amend polarity marking of the D.C, input plug, red W~plug 
type 204 on power unit to read pin 1, negative pin 2, positive. 


be Reverse the 24V D.C. polarity in the explanation desling with the 
operation of the relays as follows : 


Para, 136 line 10 amend HOLY =" to read "24V +" 

Parae 137 lime 2 amend "2, positive’ to read "24V negative" 

Para, 137 ao Line 6 amend "+ 247° to read *~ 24V" 

Para. U0 (444) line 2 amend "+ 24V" to read "= 24V" 

Para, 14) line ) amend "24v negative” to read "24V positive" 

Para, 141 (3) ‘Line 1 amend "“2hV positive” to read "24V negative" 
Paras 142 (444) line & amerl "CL negative’ to read "24V positive" 
Para, 143 line 2 amend "+ 2:V" to reed "~ 2,7". 
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AeRe I. 5153 
(H28 Mark II) 


INTRODUCTION 


FACILITIES PROVIDED BY THE EQUIEMENT 


de The equipment described in this document, which is known as H25 MkeIT or 
ASV MceTII equipment is primarily a device to enable blind bombing to be carried 
cut.» It is also used for the purpose of aiding navigation of aircraft. The 
remarkable feature of the equipment is that it sets out to display on 4 screen a 
pictorial representation of the ground over which the aircraft is flying. ‘This 
picture is produced with the aid of electrical rays so that it can be produced at 
night or in fog or cloud. 


2+ In addition to providing this somewhat rough picture of the surrounding 
country, the installation also gives the following important items of information:- 
These are the range and bearing of a selected target and the height of the aircraft 
above ground. This height is known as the terrain clearance, which is in general 
different from the height above sea level given by barometric altimeters. It is 
given to an accuracy of the order of + 200 ft. 


3. By means of switching arrangements, the area covered by the picture can be 
that within a radius of 16, 40 or 50 miles of the aircraft. Another range is also 
provided, known as 50 to 100 mile range; this gives a rather distorted picture af 
certain objects lying within a ring of country between 50 and 100 miles from the 
aircraft. This means that four alternative maps can be provided, three of which 
will have diameters of 20, 60 end 100 miles, and the fourth will have a diameter of 
200 miles with the middle missiny. 


ke The*® orientation of tne picture which isa produced on the screen of the 
cathode ray tube can be controlled in two ways ~ 


(1) ‘The top of the picture can correspond to the direction in which the 
airoraft is flying, or 


(ii) ‘the top of the picture can always be true north. 


These alternative facilities are obtained by either producing the picture directly 
on the screen or, as it were, uncoupling it fran the airoreft and controlling it 
from the D.R. canpass. In the case of Coastal Cammand aircraft, the direot method 
is used, but in the case of Bamber Command aircraft where it is desirable to know 
the relationship between the course of the aircraft and the true north and south, 
the seoond method is used, in which the DR. compass controls the orientation of 
the map. 


5. The DR compass is a gyroscopically~operated compass which is situated 
usually at sone point in the tail of the aircraft well away fran masses of metal, 
such as engines, which would be likely to affect the magnetic bearing. The position 
of the compass bearing relative to the course of the aircraft, oan be displayed on 
dials situated in other parts of the aireraft, 6.g-» pilot's cockpit and navigator's 
table. For this reason the compasa is called the distant reading or D.Re canpass. 
Electrical currents are used to operate the distant reading diais of the DR. 
compass, and by suitable interconnection of these circuits with the H2S equipment, 
the compass can be made to control the orientation of the H25 map. 


6. Since the map will not now give any indication of the direction in which 
the airoreft itself is moving relative to the objects displayed on it, it is 
necessary to show on the map a line corresponding to the direction of flight of the 
aircraft. This line is known aa the heading marker or course marker. The course 
harker appears as a bright line fron the centre to the edge of the map. 


NOTE: There is a point here which should be borne in mind by navigators. 
The heading marker shows the direction in which the nose of the 
aircraft is pointing, but if there is a side wind, the actual course 
followed by the machine will be the resultant directian obtained by 
combining aircraft speed and direction with the wind speed and 
direction by means of a vector diagram. 
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7+ Other navigation considerations, such as, variation and deviation of 
campass bearings must also be allowed for by adjustment of the controls provided 
om the DR. compassa.* 


8. The information given by the H28 equipment can, therefore, be summarised as 
follows i= 


It gives ~ 


(i) Blind bombing facilities by virture of giving a picture of terrain 
and tulli-up areas. 


(ii) ‘The most accurate available information on windspeed and direction. 


(iii) The information required by the navigator or bomb aimer is obtained 
in terms of « 


(a) an accurate range on the target, 
(o) an accurate indication of height above ground, 


(c) an accurate range on objects passed en route, 
(4) the heading of the aircraft relative to caupass north. 


PRINCIFLES OF OPERATION 


9e In order to understand how this equipment operates, it is perhaps desirable 
to examine the mechanism of ordinary vision. Imagine therefore an cbserver in an 
airoraft looking at the ground below him. In daylight when there is no cloud, 
light frac the sun is reflected from objects on the earthe Cwring to the different 
capacity for refleoting light possessed by different objects ani also owing to the 
different angles that the surfaces of these objects make with the path of the light 
rays incident on them, these objects can be distinguished fran one anothers In the 
dark it would be necessary for the aircraft to provide its om illumination, eege 
in the form of a searchlight, before the observer could receive back reflections 
fram objects on the ground. A normal searchlight has a focussed beam and 
consequently will only illuminate a small patch on the grounds ‘To illuminate every 
object within a circular area of say 20 miles diameter beneath the aircraft, it 
would be necessary to move the searchlight about and illuminate successively each 
little patch on the ground. 


The beam 


10. In this equipment the ground beneath the aircraft is illuminated not by a 
searchlight but by a beam of radiation, alao instead of illuminating just a amall 
patch of the area, it is arranged that a wedge-shape slice of the area is illumin- 
ated. This is done by stretching out the beam in the vertical plane whilst keeping 
it narrow in the horizontal plane. The effect is illustrated in figele In this 
illustration the aircraft is represented as positioned at A; Bis a point 
immediately below the aircraft on the ground, and C and D are points on the ground 
showing the limit of the distance at which the ray strikes the ground. ‘he area 
"illuminated" is thus the sector BCD of the whole circular area formed by rotating 
this sector about the point Be The angle CAD which is the angje of spread of the 
beam as it leaves the aircraft, is about 6 deg. All objects lying within the area 
DCB are more or less equally illuminated. The shape of the beam therefore same- 
what resembles that of a slice of cake, with no height at the circumference. By 
rotating the beam through 360 deg. about the vertical axis AB, it is possible to 
illuminate the whale of the area enclosed by the dotted circle. 


li. Qemsider now objects within this area; those nearest the point B will be 
nearer to the aircraft than those at the edge of the area, the actual distance 
fran the aircraft being the slant distance fran A to the object in question. ‘This 
we will call the slant range. This difference~in~range feature of various objects 
is utilised in building up a map of the terrain in the H2S equipment. 


“ Further information on this subject is available in A.P.1234. The DR. compass 
pine is described in A.P.1767, later changed to A.P.1275B, VolsI, Secte3, 
pe fe 
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12. ‘The picture which the equipment produces appears as stated above, on the 
soreen of a cathode ray tube. ‘The form of time base* employed is radial. This 
time base rotates ani sweeps over the area of the screen just as the radiation 
beam covers the ground underneath the aircraft. The time base is arranged to 
rotate at exactly the same rate as the beam rotates. 


13. Although the rotating time base is always present, it is not always 
illuminated. It is, in fact, arranged that the electron beam in the cathode ray 
tube which produces the apot on the screen, is intensity modulated by the refleco- 
tions received from the ground. By careful setting of the critical level at which 
the time base becomes visible, it is possible to arrange that returns from objects 
jlluminated by the beam (echoes) will brighten the trace sufficiently to produce 
a visible image on the screen. Since the time base is rotating at the same rate 
as the radiation beam any particular echo appears in the same position on the screen 
of the tube at each revolutions In order that a picture may be built up an after= 
glow screen is used, that is to say, one which continues to show a spot for a few 
seconds wherever one is produced on the tube facee By this method the tube reteins 
a complete picture although each particular spot is only illuminated at the moment 
the rotating time base actually passes through it. 


li. ‘The picture on the screen which is so built up requires seme experience 
in interpretinge In general, echoes are only obtained from abrupt changes of land 
or seascape. On land, buildings and other man-made structures and predominating 
relief features, such as coast lines (especially cliffs and islands) give good 
echoese Minor topographical irregulari‘ics, such aa amall hills, valleys, rivers 
and woods, do not give rise to ary noticeable response. Water except when rough 
gives an extremely small response, and thus ships (which give a good response) are 
distinguishablee It shaild further be noted that the part of the picture emanating 
from any particular feature or small group of festuresa, is not constant in shape 
but tends to became a rough replica of the actual feature as the aircraft passes 
over ite 


15- Whilst it has been stated that an electrical beam of transmission is sent 
the radiation is not continuous. Actually a series of pulses are sent out at 
intervals of approximately 1,500 microseconds, thus about 660 pulses are sent 
every second. The pulses are 1 microsecond long. Aa radio waves travel at the 
rate of 186,000 miles per second or one mile in 54. microseconds, there is time 
between the pulses for the weve to travel about 240 miles there and back to an 
object on the ground. Actually it is not possible to receive echoes, from objects 
other than large ones more than about 50 miles distant fran the aircraft. 


The plan position indicator 


16. Since the plan view of che terrain beneath the airoraft is reproduced on the 
soreen, this is called the plan position indicator. Let us now consider in greater 
detail, how the picture is bullt up on this plan position indicator or P.P.I. tube. 
We have said that the radiation beam scans the terrain, and that the rotating time 
base on the C.R.T. soreen rotates at the same rates. Now the radiation beam consists 
of @ series of pulses and the important point to grasp is that the moment of send= 
ing out each pulse is synchronized with the moment of starting off the radial 
time base fran the centres When the echo returns therefore, it brightens the trace 
at & distance from the centre of the tube corresponding to the slant range of the 
target. 


17. Let us now analyse the echoes we shall receive from three different targets 
say at B, P and Q in figel(b). We find that at the point B immediately below the 
aircraft, the pulse has to travel to the ground and back to the aircraft, anid its 
time of travel depends om the height of the aircraft. The echo therefore appears 
along the time base at a distance fran the centre of the screen (which is, of course, 
at the beginning of the time base) corresponding to the height h of the aircraft. 


* the time base may be described as a line formed by a spot, visible or invisible, 
which moves at a uniform speed from the centre to the circumference of the screens 
If visible for the whole distance, it will appear as a bright line like the spoke 
of a wheel. 
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Since the beam is rotating about the vertical axis AB, it follows that the point B 
always lies within the beam, ami therefore the return will appear on every time 
base no matter in what direction the beam is aente What appears on the tube is, 
therefore, a bright ring known as the “height ring" shown at (b) in Pigel(c). In 
the case of a target at P, the echo will brighten all the time bases sent out while 
point P remains in the beam as it rotates. 


. 18. ‘The beam rotates at the rate of avproximately 1 rev. per second, and since 
it is approximately 6 deg. wide, it “illuminates® a point target for a mm a SOG. 
360 0 
in each revolution. Pulses are sent at the rate of 660 per second so that 11 pulses 
strike the target and return echoes which illuminate 11 time bases in succession, 
these form a amal.l arc as shown at (p) in figel(c). 


19. ‘To facilitate the taking of bearings a Perspex soale which is fitted in 
front of the sereen ie used. This acale has lines engraved on it as shown in figs 52e 
It can be rotated so as to cover any desired echo, and the true bearing (given by the 
centre of the arc) can be read off the scale at the bottom of the screen. In the 
system desicloed above, oo returme oan be prodiuced frum targets at ranges lesa than 
the height a? the alreratt, other then from other alroraft ox beallome; there is 
therefore an area in the centre of the soreen with ne picture on it. 


20. The effeat af the production of thia "hale" ia to distert the map. It may 
be operationally desirable to close up this hole and a method by which we can do 
this is to advance the firing of the treanatitter so that the first return geta back 
at the mauent that the spot forming the acan passes the centre of the tubee ‘This 
means that the height ring has to be shrink te & apot. The way in which it is 
electrically possible to shist the firing of the trenamitter to produce this effect 
ia dealt with later. 








Zi. Another form of distortion is introduced into our maps because the radii 
measured on the screen to the arcs p and q in fig.le will he proportional to the 
slant Gistances AP and AQ in figele. On the 30 mile and 50 mile renges this will 
not matter much as the slant ranges will not be very different fram the ground ranges 
For bombing however when the 10 mile range is being used. scmething more accurate 
is required and this is dealt with in paras. 26 et seq below. 


The height tube 


22.2 There is in addition to the plan position indicator a second cathode ray tube 
in the indicator unit knowmm as the height tube. This tube has a fixed time base 
whioh is permanently illuminated, and echoes which appear on it teke the form af 
sideways. deflections or blipse ‘The appearance of echoes on this tube, is very 
similar to that produced in the Mark II ASV. At the lower end of the trece there ia 
an interval over which no echoes are produced, then follows the nearest return which 
canes fron the ground immediately below the aircraft. Other echoes fran objects 
further away from the airoraft appear at points higher up the scan. ‘he first 
return to appear gives an indication of the actual height of the aircraft above the 
ground. For this reason, the tube is called the height tube. 


HEIGHT AND MARKER RANGES 


23. To obtain a direct measurement of height, it is arranged that another blip 
oan be produced artifically, and its position can be adjusted by means of a manual 
control, to which is attached a height dial directly calibrated in feet of height. 
The control is turned until this blip disappears into the first ground return, and 
the height of the aircraft oan then be read directly fran the dial of the control. 


2he In addition to this artificial marker blip, there is another marker which 
gives ground rangee ‘This marker appears on both tubes. On the P.PeIe it ig 
produced ag a bright ring, and on the height tube it appears as a second blip. Its 
position is adjusted by another control, known as the range marker control, which 
controls the radius of the ring on the P.P.I. tube, and the position of the blip 
along the time base on the height tube in the same way as the height marker is 
controlled. The control is adjusted so as to make the ring produced on the tube 
pass through the target spot. The range of the latter can then be read off Pron 
the scale an the control. 
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a25e What is actually being read here is the slant range to the target. In 
gases where the heignt of the aircraft is low and the target is ata considereble 
distance, the alant range is actually very nearly equal to the range of the target 
measured along the ground fron a point immediately below the aircraft. Referring 
back to figel, the range of an object say at D, will be measured as AD, whereas the 
actual distance the target is away will be BD. At targets closer to the aircraft, 
it is necessary to apply a correction to allow for the difference between ground 
distance ami slant range. These corrections are worked out for a variety of 
heights and ranges and projected as a series of curved graphs on to a drum operated 
by the range marker knob. This forms a sort of ready reokoner enabling the 
operator to read the true range directly. 





26+ In the case of bombing, the range is less than 10 miles and slant range is 
no longer 6 sufficiently accurate approximation for ground PATE» 


-fo From Figure 2c it is clear that knowing the height AB of the airoraft and 
the slant range AC of the target, the ground range BC of the target could be 
Cai bets 





260 Ground range is not found in this mamer, since for small values of BC, 
AC romaing fairly oo.ctant and the method would not give a sufficiently accurate 
value of BCe The difficulty is overcome by altering the clrouits of the equipment 
ao that height AB and slant renge mimis height (that is, DC) are measured. It can 
be aeen from the figure that DC decreases rapidly as C approaches Be Its measurement 
thus makes possible a very accurate calculation of BC even when BC is small. The 
method of setting the measuring controls is the same as for the longer ranges. 


aje To avoid a delay in the calculation of the ground range fran the height and 
alant range minus height, an autanatic calculator is supplied. ‘his provides a 
graphical result which can be read directly off a drum (See Pig.2d). 


20+ Graphs of a number of constant ground range curves are plotted on the cylind- 
racal aurface of the drum so that height appears along one axis and slant range 
minus height along the éthey “ie pointer is moved vertically over the graph by the 
height control and the drum rotated beneath it by the range control; readings of 
the graind ranve are taken from the drum using the tip of the pointer as index. 


wis The dorum can be regarded as a whole series of dials, corresponding to all 
possible heights, joined together, with the pointer indicating which dial to use 
(See Mge2d). 


a 
jee The accuracy in estimating ground range shawid be ~ 200 yarda on the 10 mile 
range ani = <¢ per cent on the 350 mile or 100 mile range for an aircraft flying at 
10, O00 feete 








te Brief summarye~ The equipment required camprises the units shown in figs 5s 


- i the transmitting side, we start with a power supply produced fram an engine driven 
generator regulated by the control panel. ‘This is fed to modulator, type 64, in 
wstah Je5 KV pulses of 1 microsecond duration are produced. ‘These pulses are fed 

> the tramumitter receiver unit, type T.R. 3191 where they are converted to pulses 


at Kel'» @nergy and aupplied through a sconcentric line to the rotating scanner unit. 


jue On .¢ receiving side there is a receiver and indicator unit, in addition 
te thé reoviving seotion in the T.R.3191. The same aerial system is used for both 
reception and trananiesion. 


ooo Ag well as the units emplayed for transmitting and receiving, it is necessary 
to have same means of timing the whole equipment, and a waveform generator which acts 
3 a sort of master clock is employed to synchronise the sending out of the pulses 
from the transmitter and the starting of the time base traces in the indicator. 


36+ The power required by these units is also obtained from the engine~driven 
generator contralled by control panel, type 5 or type 6 mentioned above, the 
Sada ta to the various voltages required being accomplished from the power unit, 
Fe ce 
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25. What is actually being read here is the slant range to the targets In 
eases where the heignt of the airoraft is low and the target is at a considerable 
distance, the slant range is actually very nearly equal to the range of the target 
measured along the ground fron a point immediately below the aircraft. Referring 
back to figel, the range of an object say at D, will be measured as AD, whereas the 
actual diatemce the target is away will be BD. At targets closer to the aircraft, 
it is necessary to apply a correction to allow for the difference between gram’ 
distance and slant ranges. These correotions are worked out for a variety of | 
heights and ranges and projected as a series of curved graphs on to a drum operated 
by the range marker knob. ‘his forms a sort of ready reckoner enabling the 
operator to read the true range directly. 





26. Im the case of bambing, the range is less than 10 miles and slant range is 
no longer a gufficiently accurate approximation for ground range. 


e7e Prom Figure 2c it is clear that knowing the height AB of the aircraft and 
the slant range AC of the target, the ground range BC of the target could be 
daloula ted. 








AG reme 
value of BCe ‘The difficulty is overcome by altering the cirouits of the equipment 
ao that height AB and slant range mims height (that is, DC) are measured. It can 
be seen from the figure that DC decreases rapidly as C approaches B. Its measurement 
thus INakes possible a very accurate calculation of BC even when Ki is amail. ‘The 
method of setting the measuring controls is the same as for the Longer TONES» 








23e To avoid a delay in the calculatiom of the ground range fran the height and 
alant range mimus height, an automatic calculator is supplied. ‘This provides a 
graphical result which can be read directly off a drum (See Fige2d)._ 


3Oe Graphs of a mmber of constant ground range curves are plotted on the eylind~ 

wheal surface of the drum ao that height appears along one axis and slant range 

Minus height alemg the other. “he pointer ia moved vertically over the graph by the 
height control and the drum rotated beneath it by the range contral; rea S oF 

the ground range are taken from the drum using the tip of the pointer as indsx. 









Sie ‘The drum can be eee as awhole series of dials, corresponding to all 
possible heights » joined together, with the pointer indicating which dial to use 
(See Fige2d). 








ee 
526 | ‘The accuracy in estimating ground range should be - 200 yards an the 10 mile 
: sig Se and - "2 per cent on the 3) mile or 100 mile range for an aircraft flying at 





THE EQUIPMENT 





S3« Brief summarye~ The equipment required comprises the units shown in Fige be 

On. the Gentine elde, we start with a power supply produced Tt mtine driven 
generator regulated by the control panel. ‘this is fed to modulator, type éi,, in 2 
watoh 5e3 KY pulses of 1 microsecond duration are produced. These pulses are fed 

o the transmitter receiver unit, type T.R. 3191 where they are converted to pulses 


of " ReFs energy and supplied through a concentric line to the rotating scanner unit. 











abe, On the receiving, aide there is a receiver and indicator unit, in addition | 
‘to the receivin g section in the T.Re3191. The same aerial system is used for both 
reception and tranamisaion 





- 35. As well as the units employed for transmitting and receiving, it is necessary 
to have some means of timing the whole equipment, and a waveform generator which acts 
ag a sort of has ter olock is employed to synchronise the sending out of the pulses 
from the tranemitter and the starting of the time base traces in the indicatar. 





36. ‘The power required by these units is also obtained from the engine~driven 
generator controlled by control panel, type 5 or type 6 mentioned above, the 


carreras to the varioua voltages required being accomplished from the power unit, - 
type 
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dfs It is necessary to control the order of awitching on the various supplies 
and to safeguard against the possibility of faults introducing a dangerously high 
load at any point. A system of safety circuits is ineluded in the power unit. 


38 To canbine the D.R. compass position with the indicated map position, the 
heading control unit, type 218, is used. 


29+ These units, together with the junction box, type 83, complete the list of 
separate items of the equipment. The whole are interconnected by cables as shown 
in Pige 5 
LIST OF UNTTS 
406 The ARie5153 equipment comprises the following units:~ 
Unit Ref. Noe Dimensions Weights 
Width Length  Depte lbs ozs 

Power Unit Type 224 or OKB/512 11.5" 18" 1)" 30 0 
Power Unit Type 280 LOKB/74.7 11.5" 18" 12" 30 0 
Switch Unit Type 207 LOFB/ 6006 ae 6" g* ly 0 
Waveform Generator Type 

27 or LOVB/ 6005 Lhe 5" LO* Qf 15 0 
Waveform Generator Type 

26 LOVB/ 6004. Lis 5* io" gr L5 0 
Modulator Type 64 LODB/956 8.5" al" 12" 4? 0 
Transmitter-Receiver 

Type TR3159 or LODB/867 905" 15.75" 7" 42 o 
Transmitter-Receiver 

Type TR3191 LODB/1003 905" L575" i 42 0 
Receiver Type R3516 or 10DB/6061 11.5" 18" g" 30 0 
Receiver Type R3515 1opR/6060 12.5" 18" gr 30 0 
Indicating Unit Type 163 10)8/6011 8.5" 18" 12" ha 0 

or 
Indicating Unit Type 162 1098/6010 6.5" 18" 12" id 0 
Control Unit Type 216 LOLB/ 264 6.5" 365" 6" 2 8 


41s The following equipment is part of the ART.5153 installation but is 
usually permanently installed in the aircraft. 
Salt Ref. No. Remarks 
Junction Box Type 83 or LOAB/2212 Essential for aircraft fitted with 
TR3190 (Iucero Mark I) or TR3160 
(Imcero Mark IT). 
Junction Box Type 206 LOAB/6031 May be used for Iucero is not fitted. 
Either Generator Type U 50/349 AC Generator 
and Generator Type KX 5u/ DC Generator 
or Generator Type UKX 50/421 AC/DC Generator used in Wellington 
AIT aireraft to replace Generators, 
types, U and KX, 
Rither Control Panel Type 5 50/363 Used with Generator Type U 
or Control Panel Type 6 50/521 Used with Generator Type UKX 
and Choke Box Type I 50/2277 Used with Generator Type UKX 
Searming Unit type 3 10AB/1369 For Banber Camand Halifax, Lancaster 
and Stirling Aircraft. 
Aerial System Type 307 LOBB/6035 Used with Scamming Unit Type 3 in 
or Bomber Cammand Halifax and Lancaster 
alrorafts 
Aerial System Type 178 10BB/3090 Used with Scanning Unit Type 3 in 
Banber Command Stirling aircraft. 
Comector Type 1341 1OH/3561 Used with Scanning Unit Type 3 in 
Banber Command Halifax, Lancaster 
and Stirling aircraft. 
Scarning Unit Type 51 1LOAB/6022 For Coastal Command Halifax and 


Wellington XII aircraft. 
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Unit Ref Noe Remarks 
Either Tubular Feeder Type 61 1048/6134 or use with Scanning Unit Type 51 
and Connector Type 170) 10H/6361 = Por use with Scamming Unit Type 51 
or Tubular Feeder Type 62 ei ad Pinal models replacing Tubular 
and Connector Type 1716 1Low/63868 ) Feeder Type 61 and Connector 
Type 170k. 

Gomnector Type 1513 10H/3892so«#HLP. Connector for Bomber Command 


Halifax and Stirling aireraft and 
Coastal Canmand Halifax and 
Wellington XTI aircraft. 
Connector Type 1691 LOH/6260 HeP. Connector for Bamber Canmand 
Lamaster alroraft. 
Commeotor Set Type ARI. 


5153/Aav. loH/618, $$ For Bomber Command Lancaster aircraft. 
Connector Set Type ARI. 

5153/AGe 1008/6185 For Bomber Commaryi Stirling aircraft. 
Commector Set Type ARI. 

5153/AB. . 10H/6186 For Bomber Command Halifax aircraft. 
Conmector ‘Set Type ART. For Coastal Canmmand Wellington XII 
5153/DL. 10H/6059 = adroraft. 

Connector Set Type ARI. 

5153/An/2 10H/6360 For Coastal Command Halifax aircraft. 


i2e ‘The following equipment is auxiliary to the main ARI.5153 equipment. 


Tranamni tter-Receiver 

Type R3090 LODB/444 Mark IIT IFF Set. 

Transm tter=Receiver 

Type TR3190 LODB/1LOG2 «= Imoero Mark I 

or Transmi tter-Recelver 

Type TR3160 10pB/868  acero Mark II 

Aerials Aircraft Type 301 10BB/6003 Aerials for Lucero Mark I 


FUNCTIONS OF UNITS 


43. Considering now in greater detail, the various functions performed by these 
units. These functions have been indicated in two block achematic diagrems, figsa.3 
and 4. Fige3 ia a simplified block achematic showing the important items while on 
figel the camplete course of all effects can be traced. In both figs4. the power 
supplies have been anitted to reduce canplexity. It will be seen that on the diagram 
the lines showing the passage of “effects" from one unit to another are marked with 
arrows showing the direction of the "effect". 


4js To understand the sequence of operation, it will probably beessiest to 
atart with the master timing sclrowlt or multivibrator, situated in the waveform 
generator. This produces & square wave and the sero on the time scales af the 
waveform diagrams are fixed by the negative«going edge of the multivibrator square 
WEAVE. 


15. Tranamission and reception.- Let us first coneider the production of the 
signal and its reception and subsequent wanderings. ‘the negative going square of 
the miltivibrator first controls a sawtooth generator situated in the waveform 
generator box. The sawtooth waveform is made available as both positive-going and 
negative-going slope reckoned again from the same time sero. At a given point on 
the slope, regulated by the tranamitter timer, a timing pip, is sent through the 
the blue lead to the modulators This locks the multivibrator in the modulator and 
ensures the exact timing af the modulator output. The multivibrator produces a 
20 microsecond pulse which can probably best be deseribed as a priming pulse. The 
end of the priming pulse times the firing of the high valtage pulse which is the 
actual modulator outputs 


46. The modulator output is stepped up by a pulse transformer and is converted 
to R.F. in the transmitter, fron which it is fed through a concentric line to the 
scanmer and radiated. 


47. A portion of it is reflected back along practically the same path to re- 
enter the H25 syatem as the received pulse. During the time that the radio pulse 
ia going to the target and back, the scanner which is rotating at the canpara tively 
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low rate of 1 rev. per second has not moved appreciably, so that the scammer 

mirror is in the correct position for receivinge It is received on the sane 

aerial and a soft rhumbatron electronic switch is used to change over the system 
fran transmission to receptione The detailed mamer in which this operates is 
given in paras 201, The received signal passes the soft rhumbatron and enters the 
crystal mixer chamber where it is mixed with the output of a local oscillator to 
produce an intermediate frequency signal. It is not amplified at signal frequencies 
because up to the present no method has been found of amplifying at this frequency. 


4B. the mixer, T.Re switch, and first stage of I.}. are all housed in the 
TeRe5L91 unite On leaving this, the signal passes along the green lead to the 
receiver where it is further amplified at I.F. then detected and passed on as @ 
uni-directional pulse to a stage known as the receiver putput stage also situated 
in the receiver box (Re3515)e Here it is mixed with two other pulses whose 
functions will be described later. he output from the receiver citput stage 
leaves the receiver box via the grey Pye plug and goes back to the waveform fener 
ator box where it is mixed with another waveform known as the bright-up waveform. 11, 
leaves the waveform generator box and enters the indicator box through a black lead. 


P.PeI. DISPLAY 


49o After passing through @ sanewhat unusually arranged amplifying stage, it is 
applied to the grid or modulating electrode of the P.P.I.e tube, where it brightens 
one or more of the radial scans at certain points along their lengths, and so forms 
the picture. 

50- The generation of the radial time base on the P.P.7T. and its synchroni «tion 
with the movement of the scanner is accomplished by inter-comection of a magslip 
attached to the scanner with the time base amplifier supplying the deflection plates 
of the P.P.I+ tubee Details of this action are given in para. 161, 


5le We mentioned above that the receiver output was mixed in the receiver output 
stage with two other pulses. These pulses are the course marker and range marker 
pulsese The course marker pulse is derived fram contacts closed by a cam geared to 
the scanner mechaniam. Closure of these contacts initiates a waveform which bright- 
ens at least one redial time bases ‘The detail of this action is described in para. 


o2e The renge marker is timed fran the end of the priming pulse except when the 
equipment is set on the 10/10 mile range. ‘Thus the application of the signal 
together with these pulses and the bright~up pulse to the grid of the P.P.I. tbe, 
will produce a picture showing the course marker as a bright radial Line, the range 
marker as a bright circular ring and the picture of the terrain beneath the aireratt 
as a pattern of bright spots. 


HEIGHT TURE DISPLAY 


d3e The sawtooth generator in the waveform generator unit also provides the 
necessary deflecting voltages of the height tube scans Displayed an the height tube 
scan as sideways deflections or blips are also < 


(i) the signal (to right) 
(11) the height marker (to left) 
(441) the range marker (to right) 


She The signal and range marker come in together fran the branch output of the 
signal, range marker and course marker mixer stagee ‘The height marker scan is 
timed fran the modulator multivibrator because what the height marker in effect does, 
is to measure the time interval between the transmitter pulse and the first ground 
echo to get back to the scanners This of course canes fran the nearest point on 
the ground, which is the point immediately below the aircraft. 


55e We have already stated in para. 16 above, that the timing of the radial scan 
on the P.P.I. tube is governed by the instant of sending out the tranamitter pulse 
in the case of the 30 and 50 mile rangese We therefore also time the range marker 
chain of stages from the priming pulse generator, as we do the height marker stages. 


56+ On the 10 mile range when we want to record the slant range less height 
or increment, we change over the timing of the range marker generating circuits from 
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the priming pulse to. the height marker pulses This changeover is shown on the 
block schematic diagram as a 2—way, single pole changeover switch. ; 


SUPPRESSION 


57- Daring the period of the tranmitter pulse, it is necessary to render the 
receiver insensitives To do this the priming pulse is taken fran the modulator 

agh the violet Pye plug to the receiver to be applied after suitable amplifying 
to the soreen grids of the valves Vy and Vz in the receiver. It is applied to these 
screen grids as a negative pulse, and lowers their voltages sufficiently to render 
the receiver insensitive. — 





COURSE MARKER 


58. This is required to show om the screen the line of flight or course, and is © 
operated by a cam on the magslip rotor closing a pair of contacts when the scanner 
mirror is facing dead ahead. This is possible because the magslip is geared directly 
to the seanner driving shaft through a 1:1 gear. ‘The leads fran the course marker 
contacts on the scammer are taken through a 6—way cable to the waveform generator 
and fran -this unit through pins 10 and 12, of the plain W~plug, W.202, to the receiver 
units thé closing of the scamner contact whilst it controls the brightening up of at 
Least one of the radial scans, does not itself apply the brightening voltage to the 
grid of the P.P.Ie tubee The sequence of operations is given in paras 239+ 


59. This completes cur general survey of the functions of the various units of 
AeRe Te 5153. 2 


ANCILLARY EQUIPMENT. 


60+ Mention mist now be made ot an important piece of subsidiary equipment which | 
comes under the title of Lucero. This piece of apparatus enables aircraft fitted 
with H28 equipment to take advantage of certain ground and airborne installations 
operating on much longer wavelengths. 





6l. These are haning beacons, beam approach beacons and MkeITI I.F.Pe sets 
fitted in friendly aircraft. Homing beacons are described in §.D.0245, Chapters 6, 
10 and 11° MceIII I.P. Fs is described in 5S.D.0250, Chapters 1, 3 and he 


+ 62. There are two types of Lucero, Lucero MkeI and Lucero Mice TT, the difference. 
between them being that Lucero MkeI operates on 176 and 173.5 megacycles, whils* 
Lucero MkeTI is made capable of receiving and transmitting on a mmber of channels 
in the range between 214 and 234 Mo/se ‘These channels are used by Bureka beacons 
aesoribed in 5.D.0358, Chapters 1,4 and 5. The Lucero equipment may be thought 
of a8 a leind of convertor. 

64. To use the facilities provided by ents beacons, it is necessary for the 
aireraft to eend out a series of pulses which are picked up by the ground beacon and 
returned by ite ‘The beacon returns are coded so that one beacon may ‘be dlatinguished 
from anothers Detaile of these codes are circulated ‘by the Cammands. ‘The function 
of the Lucero equipment ia to generate the necessary. gignals and ae the coded 
returnse The receiving side of Lucero however only incorporates ReF. and mixer 
ateges and one I. stagee Further amplification at I.P. is performed in the main 
J.P. receiver of the H2S equipment, and the subsequent display is presented on the 
height tube of' the H2S indicator unit. The output of the Lucero unit TR.3190 which 
appears or the brown Pye plug on the unit is therefore taken straight to the receiver 
He 3515 irput. 






640 The Ilucero unit itself is a fairly complicated piece of siolcnsnt andis. 
daeacribed in a separate document S.D.0292A. The following is a brief description | | 
of how the Lucero equipment works in conjunction with H2S equipment. The Iucero — 
equipment is timed fran the H25 equipment, the timing pulse being obtained from the 
modulatore This pulse, which is the 20 microsecond priming pulse arrives via the 
violet lead from the modulator and is applied to the circuit in Lucero which divides 
by 3 or “sounts down", ao that only every third pulse is used. 


65. Beacon returns.< ‘the Iucero equipment employs two aerials one on either 
side of the aircraft, and owing to the difference in the strength of signals — 
induced in these according to the direction from which they are coming, it is 
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possible to estimate the direction of the beacon with reference to the course of 

the aircrafte The display used is aimilar to that eaployed in previous marks of 
ASV. and AveI. and is as followa: Tue interrogating signal is sent out alternately 
from an serial on the port side of the alroraft, and an aerial on the starboard side. 
This is done by using a motor-driven switch to switch the transmitter output 
alternately to each aerial; common T ard R is used so that the returning echoes are 
received on the same aerials. Each serial remains connected for about 0¢025 second, 
this allowing for about four or five pulses at the “counted down" repetition 
frequency of 220 or a0 per second, If the beacon is situated on the port side, the 
stronger return comes in on the port aerial than on the starboard aerial, and vice 
versae. To campare the strength of the returns of the two aerials, they are diaplaye! 
om either side of the time base of the height tube. This is done by switching the 
output in synchrouoien with the aerial awitch by operating a second pair of contacts 
on the switch motor. Thus, when the port aerial is connected, the receiver output 
deflects the trace to the left, whilst when the starboard aerial is comnected, the 
deflection is te the right. 


66. To arrange this, the receiver output appearing at the grey Pye plug an the 
receiver roes first to the waveform generator grey plug, thence through C59 in the 
waveform generator and the red Pye plug back to the Lucero unlit for "splitting", 
and out of this unit through the yellow and orange aitput plugs to the indicator. 


67. Beem approache~ When Lucero is used for beam approach (or BABS) a different 
technique Is employed. ull details of the functioning of beam approach beacons is 
given in 8.D.024.5, Chapter 9. Briefly the system can be described as follows. The 
beam approach installation employs a system of Yagi aerials which are Pitted on a 
rigid framework which is either fixed in the ground or attached to a vehicle. Three 
aerials are employed; one for receiving the aircraft signals and two for re-trans~ 
mitting them. The two trunau...ing aerials have their lines-of-shoot inclined at 
an angle ot about 25 dege to the direction of the receiving aerial. Polar diagrems 
thus appear as shown in fige 6. ‘The receiving aerlal picks up the Lucero signal, 
which after amplification, is used to trigger off the transmitter which energises 
the two inclined aerials alternately. It is arranged that the duration of the 
returns in the two transmitting saexvials are of different lengths of time, vize Oc2 
and le2 secse For this reason the transmitting aerials are known as the dot and 
dash aerials respectively. Thus en aireraft flying in the zone supplied by the dot 
serial will receive a series of signals of 0.2, sec. duration with intervals between 
them of 1-2 seconds. If it ia in the dash zone, it will receive signals of 1.2 
seconds duration broken by intervals of 0.2 second. 


68. These signals may appear on either side or both sidea of the time base but 
this has no significance. D/F in beam approach is done entirely fran the ground. 


69. In actual practice, it will not be possible to fly exclusively in either 
the dot or dash zone, and normally a signal will be received comsisting partly of 
dot signals of certain strength separated by intervals of dash signals either 
stronger or weaker. The signals seen will thus appear to move in and out in 
amplitudes A long period out and a short period in,indicates that the aircraft is 
in the zone where dash signals are stronger than dot sigmis; whilst a short period 
out and a long period in shows the aircraft to be in the dot zone. Typical ratios 
of amplitude of signals obtained where the sireraft is in different positions is 
shown in Pige be 


70. To understand how the dot and dash somes enable the navigator of an alroraft 
to locate the aerodrome runway, it is necessary to examine closely what the polar 
diagrams really means ‘To do this fig.7 has been prepared. On this diagram there 
appear a mumber of polar curves which give the loci of points at which a signal of 
a certain given strength will be received fran one of the tranamitting aerials. 

The curves are theoretical but are closely related in shape to the actual curves. 
Arbitrary figures have been marked on the curves which may be taken as a measure of 
field strength at all points on the curves. ‘Thus at all points on the curve marked 
LO the field strength will be 10 units. 


7le When we have drawn two families of polar diagrams, one for each trans<- 
mitting aerial, we see that the points of intersection of each pair of curves in 
which the same strength signal is obtained fran both aerials, all lie on a straight 


linee This line is known as the equi~signal path, sometimes abbreviated to B.S.P. 
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Thue, when the signals from the dot and dash aerials give responses of exactly 
equal amplitude, the aircraft met be at sane point along the equiesignal path. 


72. ‘The beam approach aerials are so placed that this equi~signal path 
colncides with the centre line of the airfield runway. If the aircraft is flying 
towards the beam approach beacon along the line of the runway, the signals will 
move down the time base towards the zero end, as the range will be decreasing. 
Thia ia the normal method of approach. In order that the pilot may know when he 
is over the approach end of the runway, which is the opposite end to that at which 
the beacon is situated, he must know roughly what is the length of the runway. He 
therefore uses his W/T set to cammmicate with the airfield, making a request to 
use BABS and asking for the runway length to be signalled to him. It is probable 
that certain delays will be introduced in beacon circuits to enable a standard 
approach range to be given for all runways to avoid the necessity for these enquiries 
having to be made. 


73+ In actuel practice things are not quite so straightforward as the above 
“xplanation might lead one to expect, because the aerials produce side lobes in 
addition to the main lobe. 


7he The Lacero equipment is brought into operation by means of a relay 
energised hy the 2i-volt D.C. supply. ‘The supply to the relay canes via pins 8 
and 9 of the l2-way commector to Lucero, and is controlled by switch S151, on the 
awitch unite The actual circuits may be fo:iowed on the wiring diagram figsSe 


SWITCHING AND POWER SUPPLIES 


{3e Power for the whale equipment is supplied from the power unit, type 280. 
This provides supplies at 80 volts A.C. plus 24 volts, D.C. plus 300 volts, D.C. 
plus 1,800 volta, D.C. minus 1,89 volts, D.c. minus 1,000 volts D.C. and minus 
100 volts, D.C. The input to the power unit is obtained from the control panel, 
type 5, or type 6, which controln the engine-driven generator. ‘The aireraft 2hevolt 
D.Ge supply is also fed intr ihe power unite These connections may be seen on the 
diagram, figs 8. The unit contains a mumber of relaya which are used to ensure 
that the H.T. supplies carmot be switched on before the equipment has had time to 
warm upe There is also a protective circuit which protects the supply in the event 
of certain feulta developing. ‘The transmitter H.«T. supply is obtained fron the 
modulator, type 64, and is the only supply which is not directly provided fran 
the power unit. 


CONTRGLS 


76. These may be Welded into two sectiona « 
(1) Those avalsable to vhe navigator for use during flight. 
(44) Those which can be preset on the bench. 


The ones used by the navigator are grouped togetler in the indicating unit and in 
the awiteh unit, and these units are placed close together. ‘This ia done to enable 
the navigator to observe the display tubes whilst operating the controls. 


fie The main power supply to the equipment is switched on by the main switch on 
the control panel or on the navigator's table. Where two or more equipments are 
used fron the samé control panel a peir of ganged switches is used for each install-~ 
ation to control (1) the D.C. supply to the control panel and (41) the A.C. supply 
te the installation. 


73 A separate pair of switches is used for each installation but the D.C. sides 
of all the switches are connected in parallel so that the alternator Meld is 
exited whichever installation is switched om It remains excited until all 
inatelliations are switched off. These switches are mounted on a board fixed to sane 
convelient part of the airframe. The leads to the switches must be soereened and 
the sereening braidings must be bonded together and earthed. The order of switching 
on ia given in parae/9 below under OPERATING INSTRUCTIONS. To safeguard the 
equipment Pron damage owing to incorrect operation, or due to short cireults or 
other faulte developing in any part of the equipment, an elaborate system of relays 
has been evolved. his is dealt with in paras. 136 et seq. 
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OPERATING INSTRUCTIONS 
SWITCHING ON 


73+ When switching on the equipment, the controls should be operated in the 
following order - 
(i) Switch on the main master switch 
(ii) Press the LT ON button; the green lamp should light. 
(iii) After approximately 30 seconds, press the HT CN button. 


The amber lamp should light. 


If it does not light sufficient time has not elapsed and the HT ON button should be 
pressed again some seconds latere 45 seconds after the HT ON button has been pressed 
the red lamp will light, and the transmitter will then automatically switch on. 


(iv) Set the scanner motor switch to the OFF position ready for 
tuning the system. 


SWITCHING OFF 
80. Switch off at the main A.R.1.5153 master switch. 
SETTING UP BY THE OPERATOR 


Sl. ‘he position of controls can be sean on figs. 15 and 52. 


(i) Set the range switch to position 1 and adjust the height tube 
BRILLIANCE. 


(ii) Set the noise level (grass) to about one-third of full output by 
means of the gain knob. 


(iii) Adjust the crystal current control to give a meter reading of O625 = 
Oo5 mA, and turn the tuning knob on the indicator unit until the 
signals are at a maximm. This should be tuned two or three times in 
the first 15 mimites and subsequently about every 30 mimates during 
Plight. 


(iv) Set the range switch to position 3. 


(v) To set BRIGHTNESS, GAIN and CONTRAST controls (Bamber Command). 


(a) Switch on the scanner motor and set gain and contrast controls 
fully anti~clockwise. 


(bo) Turn brightness control until a full diameter trace is just 
visiblee Then turn it about three clicks anti-clockwise. 


(c) Turn up the gain to required level (max. for long range use). 


(a) Turn the contrast control clockwise until the grass is just 
visible as a speckling of the tube (with the scarmer revolving). 


(e) As the target is approached reduce gain. Contrast may be turned up 
slightly if desired. 


(vi) Adjust the orientation of the P.P.I. map as follows: 


(a} In Coastal Camand aircraft, where no D.R. campass is available, 
set the map so that the upward direction on the tube face is the 
heading of the aircraft. This isa effected by setting the track 
line from the perspex screen to zero, setting the switch on the 
control unit to mammal, and turning the setting knob until the 
course marker lies under the track line. 


(b) In Bamber Command aircraft, set the map so that the upward direction 
is true north The procedure is the same except that the track line 
is set to the bearing on which the aircraft is flying, as given by 
DR. compasse The switch on the control unit is finally returned to 
autos 
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Reference should. be made to A.P.i234 for information on navigation of airoraft, 
and correctioms which have to be made for variation and deviation of conpass 


bearings. 
USE 4S A HOMCING DEVICE (BOMBER COMMAND) 


Straight and level 


82. (1) Set the range switch to position 3. A signal at approximately 30 miles 
will appear as a single thin arce Odd echoes due to isolated buildings 
may appear momentarily but these should be ignored. Only signals which 
persist say for 30 seconds should be relied om ‘This rule, is, of 
course, not infallible. 


(41) Determine the range of the required signal by setting the marker ring 
on the signal and reading off the range on the 30 mile scale 


(444) Turn the perspex acreen in front of the P.P.I. until the double arrow 
track line lies across the signal. 


(iv) Read off the bearing at the bottom of the scale. This gives the track 
to make good to the targete In the absence of drift this is the course 
to give to the pilot. If the course set is correct, the target should 
move in to the centre of the P.P.I. along the track line. 


(v) Set the marker ring so that it lies just inside the required signal. 
This helps identification of the required signals shzuld the operator's 
attention be distracted. 


(vi) When the signal is approximately one-third way from the centre, put the 
range switch to position 2. The signel will move out to the edge of the 
P.Pele but, as the marker will also move, it can be picked up agains 


(vid) (a) As som as the picture has settled down and the signal is 
identified, switch to position 1, and reset the marker. 


(b) If required, the range is read off on the 10 mile scale by use of 
the pointer ganged to the height omtrol, 


(¢) On this range, it should be possible to determine whether the 
target ia a town or, for example, an airfield. At extreme ranges 
all types of targets will give a single return as only the front 
edge of a town can be seene However, as the range decreases, more 
of the town will be seen and the echo will increase in depth. ‘the 
rough shape af the town can be made cut on this range and, if 
necessary, @ course correction made to take the alreraft over any 
desired area of ite 


(vidi) When the target is about half way out fran the centre, set the pointer 
to the release line corresponding to the ground speed by mowing the 
marker knobe It is preferable to ast the painter to the "306 sec." 
(dotted line) as the marker ring will appear too close to the “height 
ring" when the other lines are used. 


(ix) 30 seconds after the required area of the target crosses the marker 
ring release the bombs. 


Drift 


83. If there is a side wind, the correction mst be made for drifte ‘the 
following procedure should be adopted after sub~para. (iv) of para.82 above. 


(i) If the wind is known, caleulate the required course. A rough 
estimate of the drift is normally sufficient and the corrected course 
should be given to the plilote If the estimate was correct, the signal 
will move in along the treck line. 


(44) If the signal. drifts off to one side of the track line, the estimated 
COUrse was Wronge Give a course to bring the signal back on to the 
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track lines When the signal is again on the track line, give the 
pilot a new course, corrected fram the original onee Repeat this 
procedure until the signal does not deviate from the track line. 


(iii) Follow the procedure of sub-paras (vi) to (ix) of parae 82 above. 
Evasive action 


846 The drill outlined above of keeping the marker ring just inside the signal 
may seem unnecessary while flying straight and levei, but will be found very helpful 
if evasive action is being taken. If the aircraft has to turn off course, the 
course marker will move round but the signal will not move, as the picture always has 
true north at the top» (This does not apply in Coastal Command aircraft when the 
display is not locked to the DR campass). Should the signal disappear canpletely 
when violent evasive action is being taken, it will reappear on levelling out at the 
intersection of the track line and the marker ringe There may of course be a slight 
movement of the signal owing to the change in position of the aircraft relative to 
the ground. 


85. As the course marker always shows the course, the turn necessary to bring the 
aircraft back to the correct course is seen at once. 


86. It will be noted that if the nose of the aircraft is down, a bright area wil 
eppear ahead, if up, asternme Ina bank the bright area appears to one side. 


USE AS A NAVIGATION ATD (BOMBER COMMAND) 


87e ‘The equipment can be used as a fairly accurate method of determining track 
and ground speed. 


(i) Choose a steady echo with the range switch in either position 1 or 
position 3 and note its range and bearinge ‘Take the time. 


(ii) Plot the position on the caloulator. 
(444) Repeat the above at intervals of 3 mirutes. 


(iv) from the calculator determine the distance travelled and, knowing the 
time, calculate the ground speed. 


(v) To determine the track, line up the plotted points with the vertical 
Lines on the calculator 


The use of the beam approach and beacon facilities provided by Imcero are described 
in some detail in S.D.0245, Chaps. 6, 9 and J1, and in A.P.1751 and its supplement, 


USE FOR TARGET LOCATION OVER SEA (COASTAL COMMAND) 


88. Summary of operation.- Controls set on the grounc, which may be re=set by 
operator if equipment is faulty. 


(i) Mixer current adjustment on Indicator, set to give maximm stability. 


(44) Mixer coupling edjustment on Indicator, set to give 0.5 mA current. 
(This may be between 0.2 and 0.6 mA. before the equipment is considered 
faulty, however). 


(414) PPI Foous on Indicator, set to focus noise acintillations and trace. 


’ (iv) PPI Brightness on Indicator, set with minimum gain, tt contrast set to 
give brightest Markers, so that Markers are clearly visible but not de~« 
focussed. 


(v) PPT Contrast, on Indicator, set so that with gain set to give half 
maximm noise on height tube and brightness set es at (4), noise 
scintillations are clearly visible on PPI, but not blurred. 


(vi) Height Tube Brightness on Indicator, set for clear picture. 
(vii) Line of flight setting on H.C.Us set so that mav’=~ lies vertical on PF” 
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(4) Gain control, on Switch Unit, varied contimuously during search between 
level to give bright noise scintillations on PPT and level at which sea 
returns extend only to 1 - 2 miles, and kept as low as possible once a 
contact is obtained. 


(ii) lO-mile zero Control on Switch Unit, used to keep a contact as near the 
edge of the PPI as possible on the 10 m range. 


(444) Tuning Control on Indicator, cheoked every + hour or so and set to give 
greatest sea return or echo box response. 


(iv) Switches on Switch Unit, used as required. In general, the 30 m. range 
is used for searching, except for convays and coast line, for which the 
50 m range is better; while the 10 m is used for homing. 





BENCH SETTING UP PROCEDURE 


APPARATUS REQUIRED 


90- (a) A complete set af units comprising the ARI.5153 installations as listed 
in parae 40 et seqe The scammer should be mounted on a tripod and other 
wise made suitable for bench working. 


(b) The following items of test gear:~ 


(1) Signal Generator Type 47 (A.M.Ref.10SB/143) together with its 
associated equipment, comprising Aerial Syatem and Mounting, Adaptor 
and Connectorse This is an R.F. Signal Generator. 

(2) Signal Generator Type 52 (A.MeRefs10SB/165) together with its 
appropriate comectors., This is an If Signal Generator. 

(3) Modulator Unit Type 67 (A.sMeRef.10DB/1032) together with its 
appropriate connectorse This unit js used with Signal Generator 


Type 52. 
(4.) Monitor Type 28 (A.M.Ref.10T/500) together with its appropriate 


connectors. 
(5) Test Set Type 202 (A.M.Ref.10SB/6002) ~ a crystal controlled 
calibrator for use with Monitor 28, 


(6) Test Set Type 85 (A.M.Refs10SB/1,5) ~ a field strength meter comprising 
thermocouple, meter and lead. 

7) Testmeter Type D eis 

8) Testmeter Type H (A.M. Refsl0S/46) 

9) Detector Unit Type 3 (A.M.Ref.10S5B/179), used to cheak local 
oacillator citpute 

10) Insulation Resistance Teater Type A (A.Me Refs 5G/1621) = Megger 

11} Electrostatic Voltmeter (A.MsRefs104/1224B) ~ 03. SV, 

12) Thermocouple Voltmeter (A.MeRet’s42¥/200) ~ 0@LOOV. 

13) Milliammeter (A.M.Ref's104/7207) O-2ma., fitted with one telephone 
jeck plug (A.M»Ref.10H/1,88) 

fr Transformer Unit Type 74. ree eat « 80=230V transformer. 

15 Note Unit Type 228 (A.M. Refs100/11984.) ~ Dummy load to replace 
the TéR 


(16) ginger Unit Type 230 (A.M.Ref.100/10986) ~ Dummy load to replace 
the CV 
(17) Resistance Unit Type 231 (A.M.Ref.100/11987) ~ Dummy load to replace 
the whole equipment in lining up the Control Panel. 
an Petrol Electric Set with trolley (A.M. Ref.42Y/800) 
19) Testers, Generator, Bench Type (A.M-Ref.5G/2029), comprising AC and 
DC Generators for appropriate aircraft and Control Panel Type 5 or 6 


for regulating AC outpute 
(20) Connector Set Type ART.5153 (A.M. Refs 10/6004.) Bench Test Connectorn. 


NOTE:~ Information on the final setting up of ARI. 5153 controls for Coastal 
Camaend is given in Para. 127. 
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LIST OF PRINCIPAL CONTROLS 


91. 


926 


P50 


Phe 


95e 


96. 


97° 


Switeh Unit 20 


» ‘ON-OFF! press buttons:= 'L.T. OFF', "Le Te ON', 'HeT. ONt 
Iucero Control Switeh 

Range and Marker Switch 
Soanmner Motor Switch 

Line of Flight Marker Switoh 
Gain Control 

Loemile Zero Control 

30«miie Zero Preset 

Range Marker Control 

Height Marker Control 

Height Zero Preset 

Range Zero Preset 

PPI Radial Adjustment (preset) 
Dimmer Switch 


Indicat nit 162 


PPI Brightness Control 

PPI Vertical Shift (preset) 

PPI Horizontal Shift (preset) 

FFI Foous Control 

PPI Contrast Contral 

Height Tube Brightness Control 
Height Tube Vertical Shift (preset) 
Height Tube Focus (preset) 

Main Tuning Control 

Mixer Current Control 

Mixer Coupling Adjustment 

Local Oscillator Coarse Prequenoy Control (inside the unit) 


Waveform Generator Type 26 
PPI Radial Adjustment Preset 


Receiver Type R3515 


Suppression Delay Preset 


Transmitter-Receiver Type TRe 3191 


CVL3 (Soft Rhusbatron) Tuning Control 
Coarse Tuning Control of the CV43 (internal) 
Matching Stub for Aerial System (internal) 
Mixer Coupling Adjustment (internal) 


Control Unit 218 


‘Mamial«Auto' Control 
Line of Flight Setting Control 


Modulator 


‘On-Off’ Switch 
Recurrence frequency adjustment (internal) 


TEST POINTS EXTERNAL TO THE UNITS 


98. 


IPe 


Power Unit Type 280 


Main H.'s jacks +1 800V and “1L800V D.C. 
Grid Bias jack -LOOV D.C. 

500V He Te jack 

300V Feed jack 


Modulator 


Current Test Pye Plug 
Voltage Test Pye Plug 


100. 
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Trananitter«Receiver @ TRe 3191 


Mixer Teat jack 


101. Indicating Unit Type 162 


Mixer Current Meter 


SWITCHING-ON AND PRELIMINARY TEST 


102. 


(i) Connect up the units as shown in fige49, using the special set af 


(a4) 


(444) 


comectora and disposing the longer leads behind the units to 
leave the front panels as clear as poasible.. 


NOTE: = 


BROMO 


(a) Confusion of lead ramber 29 (l2-way, violet) with lead number 28 
(12<way, blue) will damage the T¢R and Indicator Units. 


(b) Confusion of the l2-way, orange, and l2-way plain plugs on the 
waveform generator will give normal displays, except that the soan 
range will remain at 30 miles for 211 positions of the range and 
marker awitch, and there will be no bright-up on the PPI. 


(c) The 18=—way lead fran the indicator unit to the junction box 
(mmber 23) is not interchangeable with any of the other l8way 
Leads. 


(a) Hollows in the H.F. plugs at each end of the high power comector 
should be filled in by the use af aticky washers. 


Power is supplied to the equipment from the workshop power supply, which 
will normally be obtained fran a motor generator act. The power 
required ia 2. Ve D.C. at 5 ampae, and between 75 and 80 Ve A.C. at 
1500-2500 cycles per second. fhe A.C.» supply mst be regulated for 
variations in speed and load and a type 5 or a type 6 comtrol panel is 
used for this purpose, according te the type of the generators avalible. 


Put the modulator ‘ON-OFF’ switch in the OFF position and switch om the 
control panel. Press the LeTs ON button on the awiteh unit. Check 
that the green pllot lamp lights and thet blower motore start. Wtch 
for any indications of over-heating and sparking. 


The next step is to aee that the supply voltages are corrects 
to the fact that the waveform of the generator output varies wide 
aceording to the load connected, it is difficult to ley down a hard 

and fast rule as to what voltage A.C. should be supplied. Adjustment 

of supply is therefore made so that tlw .crre.| rectified voltages are 
obtained fron the power unit, since these voutages are in Pact the 

ones which it is most naceszary to keep within specified limits. 
Accordingly jack points are provided, and all teate can be made by means 
of a O~5 mAe which can be plugged in at various pointas In the Mark IT 
equipment the shunts are arranged so that a reading of 1 més is 
obtained; except in the case of units having o prefix 'R' to their 
serial mmbera, in which case the 300V. test point gives a reading of 
Oo3 mAs The limits are £10 per cent. If the 300 VW. or «100 V readings 
in the power unit are outside these limits, the regulator in the 
contrel panel must be adjusted. 


The adjusthent of control panels varies according to the type of 
regulator fitted, and it it is available, A.P.1766 JA should be 
consulted, as it gives partioulars of ail the various voltage 
regulators type E in service up to the time of publicetion. Relevant 
information referring to the regulators used with the A.R.1.5153 
equipment is given below in case this publication isa not available. 








When making adjustments first of all determine the type of regulator 
in the control panel. Thia is given on a name~plate on the end of the 
regulators Adjustment of the carbon pile should always be avoided if 
possible, as it is unlikely to have varied from the previous setting. 


(iv) 


(v) 


(vi) 


(vid ) 
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The meter used for measuring should be checked against another if 
available, as meters do not retain their accuracy indefinitely. 

fo avoid the necessity for adjuatmenta to the core, a mamber of 
voltage regulators are now provided with a trimmer resistance, 
which is located on the base of the regulator between the terminal 
block and the regulator. ‘This givea @ range of + 6 Ve and should 
nomally be sufficient to correct for any normal variations. 


Certain voltage regulators known as type EU are fitted with a 
stabilising cirouit the objeot of which is to prevent ‘hunting’. 


The regulatora which may be met with are types El, £3 and EU. They 
have a ‘core’ adjustment situated at the front end of the regulator 
ie@e the end nearest the terminal block, and a compression screw at 
the rear end. 


if a type EU regulator is fitted special care mist be taken to ensure 
that the connections from the Pield of the alternator to the twoeway 
terminal block on the regulator are correctly connected i.e aiternator 
positive (white) to red on terminal block and alternator negative 
(black) to green on terminal block. 


the method of adjustment of these types if they have been correctly 
set up by the makers is as follows:~ 


Adjuat voltage te By means of trimmer if fitted. 
pb) If insufficient variation is provided by trimmer 
adjust core. 
(¢) If no trimer is fitted, adjust core. 


DO NOT TOUCH COMPRESSION SCREW 


If a control panel shows a tendency to 'hunt' it should be replaced by 
a correctly set up panel. The procedure for setting up a voltage 
regulator which ‘hunts’ or will not regulate is given in A.P.1766 JA. 


After the equipment has warmed up press the 'H.T. ON' button and 
check that the anber lamp lights. Check that the aerial system rotates 
and that clockwise rotation of the PPI and Height Tube Brightness 
controls will give a trace om both tubes. Check tliat 45 seas, after 
preasing the 'H.T. ON* button the red pilot lamp lights and that a 
small spark is visible in the CV85 in the Modulator. Measure that 
DC. supplies at the +1800V and -1800V test points on the Power Unit 
by means of the milliammeter. If the readings obtained do not lie 
within the limits 1 ma. + 10 per cent (or 1.9 and 2.1 ma. if the wits 
have a prefix 'R' to their seriel mmbers) adjust the Control Panel 
until they do. 


Measure the forward resistance of the crystal by means of an avometer 
plugged into the jack socket on the T@R unit. If this exceeds 200 ohms 
replace the crystal. Check that the mixer current dees not exoeed 

O.5 mae Ti it does exceed 065 ma attempt to reduce it by use of the 
mixer control knob on the Indicator Unit. If this is unsuccessful, 
loosen the soupling at the Indicator until less than 065 ma. is obtained, 
Wateh for signs of over~heating or sparking and for violent jitter 

on the tubes (due to supply voltage oscillation or insulation failure). 


If there are no signs of distress in the equipment put the switch on 
the Modulator in the 'ON' position. Check that the main H.T. voltage 
is still steady and correct, and that brilliant sparking occurs in 
the CV85. Examine the Tranmmitter and RF. system for rking and, 
by means of a neon tube, that power is being radiated. (Do NOT leave 
the Modulator switched on if sparking is taking place or if power is 
not observed). Tune the local oscillator for local signals using the 
height tube. 


Check that the Modulator does not go out of synchronisation when the 
range and marker switch is shifted fairly quickly through the different 
settingse If this does occur, readjust the ‘Recurrence frequency 
adjuatment' which is inside and at the rear of the Modulator chassis. 
Set this so that the audible note fran the spark gap is slightly 
lower when the synchronising pulse from the Waveform Generator is 
renoved by disconnecting the cable fran the blue Pye Plugs 


(viii) 


(ix) 
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Check as an orerall functional teat, that height tube and PFI now 
show traces, noise, suppression, bright-up, markers and local signala. 
If this is not so, locate the fault before proceeding with the 
adjustment of the controls. 


To switch the equipment off, it is preferable to out the 80 volt work~« 
supply, as this avoids leaving it open circnit. 


ADJUSTMENT OF CONTROLS 


103- (i) 


(ii) 


(444) 


(iv) 


(v) 


(vi) 


Switeh the set on but with the scammer motor and Modulator off. Set 
the range and marker switch to 10:30. 


Adjust the height tube brightness and foous to give a clear trace. 


furn the gain, contrast and suppression preset fully anti-clockwise. 
Turn the FPI brightness olockwise until the trace is just visible. 
Adjust the PRI focus. 


furn PPI brightness control three ‘clicks' anti-clockwise. Turn the 
contrast control clockwise until the brightened<up part of the trace is 
again just visible. Turn the PPI radial adjustment on the Switch Unit 
fully anti-clockwise. Switch the scanner motor on, and adjust the 

PPI shift controls until the trace ia rotating about the centre point 
of the perspex soreen. 


Turn the PPI radial adjustment on the Switch Unit fully clockwise. 
Adjuat the Fri radial preset on the Waveform Generator witil the dark 
hole at the centre of the tube is the same sise for all positions of 
the range and marker Switehe Now adjust the preset on the Switch Unit 
until the hale just digappears. 


Adjust the Gain Control to give about 3/4 maximum noise amplitude. 
Torn contrast contral anti-clockwise until this noise just shows as 
scintiliationg om the PFI. Adjust the 10 and 30 mile Zero camtrols, 
with the range switeh in the appropriate position in each oase, until 
there is a dark hole of about 1/8 in. diameter at the centre af the 
PPI free from sointiliations. (This hole is caused by the receiver 
suppression). 


Now adjuat the height tube vertical shift until the suppression 'flat' 
is only just visible at the bottom of the tube. 


(a) Adjust the Height Zero Preset by one of the following methods:- 


Method 1. Switch the Modulates one Set the Monitor 26 time-base 
switoh to the 10 alerosecomd positions Connect the test point 
(Pye plug F) on the Modulator to the Monitor Yeplates. Set the 
Xeshift a% 10 microseconda and bring the leading edge of the 
pulse om to the centre ijine of the tube by means of the time base 
atart controle 


Switch the Modulator off to prevent interference due to pick up 
in the lead. Now put the height marker on the monitor by dis« 
connecting the lead frem the yellow Pye plug on the Indicator and 
cormecting the lead to the monitore Set the gain on the monitor 
to x20 and the Height Control to 35000 fte Turn the X-shift on the 
monitor to 2.5 microseconds, but do NOT alter the time base start 
controle Now set the helght marker on the centre line by means 
of the Height Zero Presete 





NOTH:= Tf the time base does not reach the oentre line of the tube with 


the Xeshift at 2e5 microsecomis, unde the grub sorew and move 
the knob with respeat to the spindle witil it does. This will 
not affeet the acourscy of the readings on the Xshift, as they 
are purely relatives 


Method 2. Set up a Corner Reflector (TRE drawing #100/9312 as in 
information Pamphlet wWt/TRE/31) at an accurately known distance 
of between 2000 Ne and 5000 fte Identify the new echo appearing 
on the height tubee Set the Height Contral to the known distance. 
Bring the height marker opposite the echo (partial cancellation 
ooourring) by means of the Height Zero Preset. 
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Method 3. leave the Yei.ht Zero Preset in ite present posi tions 
Adjust it Jater during a flight test ea follows: 


Fly at a height of from 2000 MM. to 5000 ft. Set the Heleht 

Control to the reading given by the altimeter. Bring the helgnt 
marker opposite the leading edge of the ground returns by means cr the 
Height Zero Preset. 


(b) Adjust the 2ange Zero Preset as followa:- 


Set the range and marker switch to the 10:10 position. Set the 
Height Contral to 2000 ft. and the Range Control to zero. Adjust 
the Range Zero Preset so that the range marker le opposite the 
Height marker, partial cancellation ocourring. 


(vii) Switch the Modulator on an] turn the suppression preset until the 
suppression just removes the tranamitter pulse breacethrough. 
Tune the local oscillator for optimm signils on tne height tribe 
Set the mizer current control knob so that the current is maximum 
and then turn it two clicks anti-clockwise. Remove the eoiplitig 
loop from the Indicator and check that it ia im the same plane as 
the dot on the caliar. Replace the .oop anid set the coupling go 
that the plane of the loop is at 30 degrees to the horizontal: 
this provides half meaximm comlinge Check that the coupling probe 
at the Trensmitter is pushed fully in and now adjuat the plane of 
the coupling loop in the Indicator eo that the current is or 
+25 and .3 ma» there being no instability. (Instability, if 
present, wilil show itself by a fluctuating mixer current meter 
reading or es intermittent fluctuations in noise level). Cheek 
that, if the equipment is gwitched eff, the mixer current will 
settle down to between .25 and «3 mae on switching on agaitic 
Recheck the tuning and then reset the coupling loop to give .25 
to 635 mae wiser current. 


Set up the Test Set 85 some 20 ft. from the scarner which should 
be pointing directiy towards it. Adjust the matching control in 
the Transmitter for maximum output power as indicated by the field 
strength meters 


Adjust the CV43 tuning control for maximum signals on the height 
tubes Readjust the main tuning control, Indicator coupling loop 
and FPI brightness as required. 


(viii) If the local signals are now weaker than usual try replacing the 
crystal by a new one. If an improvement results reject the old 
oryatel and repeat the procedure in paragraph (vii) above. 


(ix) Adjust the Contrast Control as followe:= 


Turn Gein end Contrast fully anti-clockwise. Adjust the Brightness 
Contrel so that a full diameter trace is just visible and then 
turn it anti-clockwiee two clicks beyond the position where 1+ 

just disappears. Turn the Gain up to about 3/4 maximm noise 
esplitude on the height tube. Now turn the Contrast clockwise 
until the nelae juet appears as faint scintillations on the Fri. 








NOTS:~ No adjustment should be made to the Contrast during operations. 
The picture should be varied by means of the Cain Control. 


(x) Run the equipment on the bench for one hour and at the end of that 
time recheck the readings at the various test points. The values 
obtained should be within the following limits:- 


Mixer Current Coz = Och mae 

Main H.T. Jack 1 mas = 10 per cent (or 1.9 to 26] ma.) 
300V. Het. Jack Lima. 416 per cent (or 227 to .33 ma.) 
“LOOV. Grid bias Jack 1 ma. = 10 per cent (or +9 to 151 ma.) 
300V. Feed Jack 162 to 166 ma. (or 250 ma. approx) 


Recheck ai]. contrais 
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_ 20he Before installing the units in an aircraft the complete Setting Up 
Procedure detailed in para.90 et seq should be carried out. ‘The Installation 
Procedure given below is that to be undertaken when first fitting an aircraft with 
ARTe5153- ‘The procedure cen be somewhat modified when re-installing units. 


(4) 
(44) 


(424) 


(iv) 


Check that all cables are fitted and that they are run correctly. 
Check and colour code the cabling to the Control Panel. 


(a) DeCo Input lead. Ensure that the ART. 5153 Master switch controls 
the 247. D.C. supply to the equipment correctly. 


(b) D.C. Output lead to the field of the alternators If this lead 
is coupled correctly, a re of 6 or 7 ohms should be obtained 
when testing for continuity. (Does not apply to Generator 
ype UR). 


(c) AeC. Input lead from-the alternator. When tested for contimity 
‘this lead should show practically no resistance. Colour code 
the plug HRN. ; : 

(4) Colour code both ends of the A.C. output cable BLACK, and of the 

D.C. output cable, RED. (The other ends of these cables are 

atteched to the Power Unit). 








Check all keyways and see that the locking rings are tight. It is 
important that thie should be done before testing the cables for 
eontimal ty. 


Gheak that the colour coding af the cables is correct. Colour code 
the 246 D.C. plug on the Junotion Box and the corresponding socket 
on the oable from the Hesding Control Unit, RED. This is necessary 
in order to avold confusion with the two-pin plug on the Waveform 








. ‘Garner tor. 


(v) 


(vi) 


(wid) 


Check the continuity af all the cables with an avometer using the 
4000 chms soales, Megger the inners of all cables to earth and check 





that the leakage is in all cases greater than 15 mégohms. See. that 
the grub screws in all Pye sookets are tightened up and that the 
sockets are seouree Frequent trouble with Uniradio Cables has been 
cue te a dry joint between the inner conductor and ita terninating 
sleeve, 


Inatal the scanner using 5/16 ins high tensile steel mts and balts 
ensuring that the fixing lug marked ‘APT’ ia towards the rear of the 
aircraft. Bomber Command only:- Cheek that the shelf on the mirror 


bree RU Leth Ea aH AD 
o 





ee 





essenbly of the scanner is set correctly. Pige67 gives details of the 
Scanner and sheif settings in each type of aLrorafte 


Instaa the ART.5153 unite and connect up Gabling by reference to the 


appropriate Cable Connector Schedule for the airoraft and the Canneotor 


Diagram (Pige 5). 


105-6 


(4) 


(44) 


Connect up the petrol. electric set to the airoraft's Control Panel. 


if no T@R is available connect the Modulator te its dummy load. 


Tt should be noted that Wellington NTI alrorart employ a Control 
Panel Type 6 fitted with Regulator Type E, while all other airoraft 
use a Control Panel Type 5 fitted with Regulator Type Eu. 


Switeh on the Control Panel and press the 'L.T.ONt button on the 
Switeh Unit. 
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(444) Using a O-5 milliamndater conmmeated to a Jack plug, measure the 
supplies at the JO0V and ~LOOV test polnta on the Power Unite 
The readings obtained should be within the limdts 1 Tie = 10 per 
sent (or 627. =~ 633 mae and «3 = lel ma reapectively). Of necessary 
adjust the Control Panel until the readings lie within the above 
linitse Check that blower motors start and watoh for any 
indications of overheating or aparicing, 





(iv) Press the 'H.T. ON* button checking that the scanner motor awiteh 
is OFF. When the H.T. ¢ireult is complete and the red Lamp lights 
recheck the voltagea at the test pointe. The t 1600 ¥. Db. test 
points should now give a reading of l-ma. £10 per cent (or led = 
2e1 ma) on the meter, | 


(vy) Check that the time bases and narkers axe presen® om the tubes and 
that the controls function correctly. This will ensure that the 
cabling is in ordere 


(vi) Switeh on the scanner motex and the ling of flight markers  Chealr 
thet the scanner revolves réenaonably culetly at approximately 
GO repems Check also that the lins of flight marker appears on the 
FPI.when the scanner 1s pointing directly shead, and thet PPT trace 
rotates in the seme direction as the scanner. 








(vii) (a) In Bomber Cownand atroraft Switch the DR. Compass on and cheek 
that movement of the D.R. Compass causes correct movement of the 
Aine of Mlight marker on the PPT. Thia can be done by turning 
the alrorag’t, or, tiore conveniently by mesne of the Varlation 
Setting Corrector. 


NOTE:- I? the Varlation Setting Corrector is uaed, the varletioan MUST BE 
RETURNED TO ITS ORIGINAL SETTING when the check has been madas. 
To ensure that no miatake ia mede the co-operation of an instrument 
Mechanica showld be sought. : 


An increase in the compass reading should result in a clockwise 
rotation af the line of flight marker, ami vice versa. If the marker 
moves in the reverse direction to the campass reading, the changing 
over of two af the connecting leada fren the DR. Caapass junction | 
box to the Heading Control Unit will, correct this. Gheck that the 
line of flight marker can be moved through 360 degree. 
mammal control on the Heading Control Unite 





NOTE:- A satisfactory test of the Heading Marker oan only be obtained 
in a teat PLighte 


(vii) (b) In Coastal Cowsand aicorart Check that the switch on the Heading 

Control Unit ia in the "Manual? position. BY use of the 
‘Setting’ control adjust the position of the line af flight 
marker on the PPI until it corresponds to the gero drift line on 
the perapex screen with the bearing set at zero. (ie@e the line 
of flight marker points to the top of the tube face). 


(vidi) Switch off the equipment. I 








» dnateall the Tek if it is not already fitted. 
Use rubber pecking washers te ensure that the R.F.e connector from the 
TéR to the scammer fits well with no air gaps, but ensure at the same 
time that the ater comiuctors of the cable are still in contacte 


(ix) Switch on the equipment and check that si, 
the crystal current as deseribed in pare 
maximum slgnalae.s 


NOTE:= The signal to noise ratio obtained on the ground will vary with 
different local conditions and the satisfactory ratio can only 
be determined by experience. 


(xi) Switeh of? the equipment, disconnect the Petrol Hlectric Set and 
connect the Control, Panel to atreraft's generetorss 








ymls are received. Adjust 
+ 103 (vii) and tune for 
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MAINTENANCE SCHEDULE 


DAILY INSPECTION 


106. (4) 


(44) 


(444) 


(iv) 


(v) 


(vi) 


(wid ) 


(viii) 


(ix) 


Connect up the Petrol Electric Set to the aircraft's Control Panel 

and start up the driving motor. Switch on the Control Panel and 
after sufficient time has been allowed for it to warm up press the 
'L.T. ON’ button on the Switch Unit. Check that the green pilot 

lamp lights and that blower motors start and watch for any indications 
of over~heating or sparking. 


Using a 0-5 milliammeter connected to a jack plug measure the D.C. 
supplies at the 300V. amd <1OOV. test points on the Power Unit. The 
readings obtained should be within the limits 1 ma. = 10 per cent 

(or 27 -033 mae and .9 = 1.1 ma. respectively). If not the Regulator 
in the Control Panel should be adjusted as in para. 102 (iii) above. 


Preas the 'H.?T. ON' button and check that the amber lamp, and after 
45 seconds, the red lamp, light. Check the main H.T. supply by 
plugging the milliemmeter into the test points on the Power Unit. A 
reading of 1 ma. t 10 per-sent (or 1.9 = 2.1 ma) should be obtained 
at both the jack sockets, and the Control Panel adjusted if necessary 
Switch Modulator on and off by means of the switch on its front panel 
end check that the readings show no signa of jitter nor vary beyond 
the limits given. 


Switeh to each position of the Range and Marker Switeh in turn and 
again check that no jitter is present in the supply. If fluctuation 
does occur in the supply voltage, adjust the Control Panel and if 
unsuccessful, replace ite If any further trouble is experienced 
reject the unite for a major inspection. 


Check all Pye pluga, W pluga and socketas ‘Thia is beat done by 
observations on the Indicator Unit while an assistant ie examining 
the plugs, ete. 


Check Pocus and ahift on Indicator Unit and adjuat if necessary. 

Check that Contrast, PPI Radial, Zero and Suppression controls are 
correctly set and that operation of the lO-aile sero control gives the 
desired result. 


If a fault oceurs during this procedure and minor adjustments do not 
give the desired result, reject the units for a major inapection. 


Switeh Seanner Motor and Line of Plight Marker 'ON'. Check that the 
scanner rotates smoothly and without undue noise. Check that the line 
of Plight Marker is vertical in Coastal Camand Alroreft and adjust if 
necessary; leave the switch in the 'Mexmal' poaition. In Bouber 
Cammand Alroraft check that the line of flight marker oan be moved 
through 360 degrees by use of the ‘Setting’ control on the Heading 
Gonteol Unit; return the marker to ite original position and the switch 
to ‘Auto’. 


Check that the cryatal current is between 0.25 and 0.3 ma. If it is 
not, adjust the crystal gurrent as outlined in paras 103 (vii). 


Switeh the Modulator on and check that signals are received. Tune the 
local oscillator for maximum signals and attempt to estimate the 
sensitivity by means of local signala or aircraft in the vicinity. 


if poor senaitivity is suspected try replacing the crystal by a known 
HOCK ONids 


Listen at the serial syatem for the sound of R.F+ sparking. 





Wheck that diapley and markers are satisfactory on all ranges. 


Switeh off the Equipment and the Petral Bleotric Set and reconnect the 
‘ontrol Panel to the aircraft's generatora. 
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MAJOR TNSPECTION 








(107+. This should take place each time the aireraft has a major mechanical and 
électrical inspection, or in the event of persistent faults. 
106. Erocedure. 
(i) Remove all the units fran the airoraft and check trays for security 
of mounting and earthing. 
(44) Check the run of ell cables; megger to earth. Inspect all plugs 
and sockets for tightness of clamping rings and grub screwse Remove 
did of the Junction Rox and inspect for worn or frayed leads. 
(442) Remove, overhaul end replace blower motors. 
Carry out the normal bench setting up procedure as outlined in 
Chapter 4. 
(iv) Re~instal units in airereft as in Chapter 5. 
(v) Inspect and overhaul the aircraft alternator and cabling to the 
control Panel. 
(wi) Inspect the aerial system for rigidity and shelf settings (Bamber 
Command ). 
(vii) Before operational use carry out the Daily Inspection as outlined 
in para. 106 abovee 
MISCELLANEOUS SERVICING DATA 
109. Removal of OV64 fram the Transmitter Unit 
(i) Remove filament leads carefully to avoid breaking the glass seals. 
(44) Unscrew the collar holding the output line to the CV6l. 
(44) Undo the bolts holding the airduct to the frame of the Transmitter. 
(iv} Undo the bolts holding the other side of the airduct to the magnet 
support (insert a long screwdriver between the blower and its 
suppressor). 
(v) Withdraw the CVG4, eirduct and anti-corona plates (Note:- The inner 





(4) 
(ii) 
(44a) 


(iv) 


(v) 


(wi). 


(vit) 
Llais - 





(1) 
(44) 


Removal. af! CV45 
Remove the tuning plunger ‘through. the front panel. 


Removal of CV67 fran the Indicator 


of the output line is flexible). 

In replacing it is advisable to leave the 3 bolts between the halves 
of the airduct loose until the balts through the magnet support have 
been located and at least partly tightened. 


fron the Transmitter Unit 





Disconnect the. “1oov., DC. “supply: 


Bree the mixer chamber, ieee loosen the two clamping rings on the 


input line to the mixer and withdraw the input line through the front 
panel. 


Unsorew the collar on the line from the T-junction to the CV43 input. 


Undo the four screws in the vertical plate supporting the CV4J5. 
Disconnect the Pye plug connection between the mixer and first IF stage, 


Withdraw the CVL3, support plate and mixer past the blower motor. 


Remove valve base and disconnect the reflector supply 
Undo the three screws clamping the output line to the front panel. 


$.De0296(1), CHAP.1 


- 2f = end Edition 


MAJOR INSPECTION 


107. This should take place each time tre aircraft has a major mechanical and 
électrical inapection, or in the event of persistent faults. 
108. Procedure. 
(i) Remove all the units from the aircraft and check trays for security 
of mounting and earthing. 
(44) Check the rum of all cables; megger to earth. Inspect all plugs 
and sockets for tightness of clamping rings and grub screwse Remove 
lid of the Junction Box and inspect for worn or frayed leads. 
(iii) Remove, overhaul end replace blower motors» 
Carry out the normal bench setting up procedure as outlined in 
Chapter ds. 
(iv) Re-insteal units in airereft as in Chapter 5. 
(v) Inspect and overhaul the aircraft alternator and cabling to the 
Control Panel. 
(wi) Inspect the aeriel system for rigidity and shelf settings (Banber 
Command ). 
(wii) Before operational use carry owt the Daily Inspection as outlined 


in para. 106 aboves 


MISCELLANEOUS SERVICING DATA 


REMOVAL OF SPECIAL VALVES 


109. Removal of CV6i. 


(i) 
(44) 
(114) 
(iv) 


(v) 


110. 
(4) 


(ii) 
(444) 


(iv) 
(v) 
(vi) 
(vit) 


fran the Transmitter Unit 
Remove filament leada carefully to avoid breaking the glass seals. 
Unscrew the collar holding the output line to the CV64. 

Undo the bolts holding the airduct to the frame of the Transmitter. 


Undo the bolts holding the other side of the airduct to the magnet 
support (insert a long screwdriver between the blower and its 
suppressor )« 


Withdraw the CV64, eirduct and anti-corona plates (Note:- The inner 
of the output line is flexible). 


‘In replacing it is advisable to leave the 3 bolts between the halves 
of the airduct loose until the bolts through the magnet support have 
been Located and at least partly tightened. 





Removal of CVL5 from the Transmitter Unit 


Remove the tuning plunger through the front panel. 
Disconnect the ~LOOV. D.C. supply. 


Free the mixer chamber, ise. loosen the two clamping rings on the 
input line to the mixer and withdraw the input line through the front 
panel. ! 


Unserew the collar on the line from the T-junction to the CV43 input. 
Undo the four screws in the vertical plate supporting the CVi3. 
Disconnect the Pye plug conrection between the mixer and first IP stage. 
Withdraw the CVL3, support plate and mixer past the blower motor. 


lll. Removal of CV67 fram the Indicator 


(1) 
(44) 


Remove valve base and disconect the reflector supply+ 
Undo the three screws clamping the output line to the front panel 
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(441) Withdraw the output line through the front panel. 
(iv) Loosen clamp across the normal tuning plunger. 


(v) Force back the driving part of the clutch in the tuming drive 
against its apring and remove the CV67 and the driven part of the 
eluteh from the unite 


SCANNING UNITS TYPE 3 AND Sl: 
Li2e General 





If at any time the running speed of the scanner (60 repem) ia fond to 
have changed, adjustment can be made by rotating the brushes of the driving motor. 
This is done by: 


(4) Removing the cirelip and cover from the upper end of the motor 
and band covering the brushes, and 


(ii) Slackening the clamping screws of the brush carrier, accessible 

through the holes in the cooling fan, 

NOTE:~ The brush carrier must be held in position until the scanner 
has stopped, and then the clamping sorews should be re«tightened 
and the cover and band replacede ‘The gears are designed to run 
dry exoept for the olldag treatment described below, NO ORDINARY 
OIL OR GREASE ahould be applied to them 


113(a) Routine Maintenance (Every 120 hours) 


(i) Grease main bearing through grease nipple near top of main casting, 
using anti-freesing grease (DTD.143¢). 





(44) Remove the suall screws adjacent to the bearinge v2 the main drive 
gear train and fill the of] holes with anti-freezing of] (DTD.4.D). 


123(b) Rountine Maintenance (Every 240 hours) 


(4) Remove the scammer from the aircraft, dismantle and examine thorougily. 
Clean all parts and re«assemble, replacing any parte which are 
seriously worn 
Paint 611 the veeth of all non-metallic gears with olldag. 


(ii) Examine the moter brushes and replace if worn to 1/4 ine or lesa. 
Toroughly clean the moter commutator with a clean soft cloth slightly 
molatened with petrol, 


(441) Hzamine also the magalip brushes and repiase uf leas than 7/32 ine 
long when measured fran the shoulder which looates the springs 


(iv) Clean the six mavalip slip ringa with a soft cloth slightly moistened 
with petrol. Do not, under any circumstances, use an abrasive for 
cleaning the slip ringss Replace the slip ring brushes when worn to 
less than 1/4 ine 


11% Dismantling and Assembly Instructions 


(i) To remove Reflector. Remove. aerial and detach aerial feeder from 
refleator base casting. Undo the three mits on the studs holding 
refleator casting to adaptor plate. The reflector can then be drawn 
CLOR Ts 


(ii) ‘To remove aerial feeder. Remove aerial and detach the aerial feeder 
from the reflector base castings Remove top cover casting complete 
with fixed member of capacity sleeve taking care not to lose or damage 
the shim between the top cover and main castinge The fixed member can 
then be withdrawn fran the top cover after slackening the clamping 
bolt« To mamove the rotating member, remove collet nut from the end 
of the shaft and remove collet jawae ‘The feeder oan then be withdrawn 
dowriwa rises 
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shen reassembling proceed in the reverse order except for the 
following points. In replacing the rotating feeder, insert feeder 
through the shaft and fasten lower end to the reflector base castinge 
Then replace collet jaws and replace and tighten collet nut. Peplace 
the fixed member of capacity joint in the top cover, pushing it up 

as far as is possible, but leaving the clamping bolt slacke Replace 
cover on main casting without the shim, push fixed member down into 
contact with the rotating member and tighten the clamping bolt. Remove 
top cover again, replace shim and replace top cover finally. 


(431) To cemove win motor. Disconnect breeze plug on side of motor and 
unio fixing screws. The motor can now be lifted clear, but care mst 
be taken not to lose the centre piece of the Oldham coupling. In 
roplacing the motor care must be taken to se@ that the Oldham coupling 
is properly engaged before the fixing screws are tightened. 


(iv) ‘To remove main shaft. Remove reflector and serial feeder. ndo the 
mils ou the studs holding the adaptor plate to the main shaft and 
remove the adaptor platee Remove bottom cover of main casting. Undo 

‘ring nut at the top of shaft, and mark the teeth of the magslip gear 
and the main gear ao that they can be remeshed in the same relationship 


on assembly. ‘The main shaft cen now be withdrawn downwards. 


(v) To remove slip.e Remove reflector adaptor plate and bottom covere 
Remove pias Sriving gear, marking the teeth as described above and 
remove gear on magslip body. Remove terminal cover and disconnect 
wiring, noting to which terminal each wire is connected, and remove 
meevlir sever, ‘emoave the serews holding the outer race of the upper 
bearing to the main castinge The unit can now be withdrawn upwards 
(care mist be taken not to lose or damage any shims between the outer 
race of the upper bearing and the main casting). When re-fitting it 
is important to see that all shims are replaced; but if any new 
parts have been fitted, it may be necessary to alter these so as to 
take all play out of the bearings, whilst ensuring that no permanent 
load is placed on the bearings 


No timing is needed between the magslip body and the compass repeater 
motor or between the magslip rotor and the mainshaft, but it is 
necessary to ensure that the blade brushes make contact with the 
contact segment when the timing mark on the bottam cover is in line 
with the timing mark on the main shaft with the reflector facing 
forward, and that they break contact with the reflector facing aft. 


(vi) To dismantle the magslip. After removing the unit fran the scanner, 
undo the screws holding the ring retaining the outer race of the 
lower bearing to the immer race, taking care not to lose any of the 
54. balla in bearinge Remove the slip ring brushes and brush holder. 
Disconnect the wires joining the slip rings to the magslip terminals; 
undo the screws holding the slip ring pot to the inner race of the 
upper bearing; remove the slip ring pot and remove outer race of the 
upper bearing. Again take care not to lose any of the 54 balls. Undo 
the screws holding the two inner races together and remove inner race 
of upper bearings Remove locating screw from imner race of lower 
bearing and remove the race. 


In reassembly proceed in the opposite order, taking care of the 
following points. The clamping screw of the imer race of the lower 
bearing must engage a space between two of the teeth cut in the 
driving end cover of the magslip. In reassembling the bearings, fix 
balls to inner race with liberal coating of anti-freezing grease 
DTD.143C, wiping off any surplus after the outer races are refitted, 
and making sure thet all 54. balls have been replaced in each case. 


WELLINGTON XII = ELBCTRIC POWER SUPPLIES AND THEIR ADJUSTMENTS 
115. ‘The power supply comprises three generators: 
Type UKX = Driven by Port Engine. 


This gives 1200 volteamps at 80Vo AeC., and 60 amps 29V. D.C. 
A type W Suppressor is fitted. 
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Type KX =< Driven by Starboard Engine. 
ADC. Generator giving 60 amp.at 29V. DC. 


Type KZ = Driven by Starboard Engines, and used for the searchlight 
AsDeC. Generator giving 7 ampe at LOOv. D.C. 


116. The A.C. ART.5153 ie supplied by the UKX generator ~ See Migures 61 to 63. 
the D.C. is taken from the general aircraft D.C. wupply which is maintained by the 
KX generator and the D.C. part of the UKX generator ruming in parallel. 


117- ‘The voltage regulators and cut o:ts are situated on the main distribution 
panel, on the starboard side of the aircraft, opposite the wireless operator's 


compartment. 
DC. Con 


118 ‘This is effected (on each generator) by two carbon piles; one of which 
regulates the voltage and the other limits the output current. Their mode of 
operation is as foallows:~ 


(1) Yoltage Control 
The activating coil of an electro-magnet is connected across the 
generator output. Variations of current through the coil (caused by 
variation in voltage from the generator) cause relaxation or 
compression of « caobon pile, which ls in series with the faeld 
winding of the generator. hus, an increase in voltage causes the 
carbon pile to relax. ‘the resistance is thereby increased so that the 
current through the field winding diminishes and the output valtage 
fallae In the case of decrease in voltage, the opposite effect takes 


place. 
The carbon plly wo. “iectcvulagiet Sasociated with this action, are 


generally referrei i. as the tyoltage pile'. 








The ‘of this ia to lanit the totel output current to some pre« 
deterained value (the nol vilue te 10 per cent) in exess of the 
total current required. This iimitation is brought about by 

oe the activating coil of an electro-magnet in series with the 
oad. 


When the current reaches ite pre«-deterulsued value, the pull of the 
electro-magnet causes relazation of the carbon pile and reduction of 
the current through the field wi.wing a” the generatore 


This arra ent pile’. 





wenent is referred to ae the ‘ower 





119. Wigure 63 shows the method of comneoting two regulated D.C. generators in 
parallel. Such a system will only function properly provided that the generators 
are balanced = i.e. regulated to give the same voltage. 


1206 balenced, the generator giving the higher voltage discharges 
through the other and opens its cut-out. ‘The opened cut-out ie then closed by ita 
own generator ani the process is repeated. The practical resuit of this is that 
the cut-out ‘chatters'. 


N.B. This is the most probable cause of instability in the S0V. A.C. 
supply to the ART. 5153 equipment. 


A.C. Control « See Figure 62 


121. An iron cored choke, on which is wound a second coll which can be supplied 
with Dc. is connected across the output terminals of the A.C. generator. The 
impedance of the choke depends on the value of the current Plowing through the D0. 
coll: for example, if the current flowing through the D.C. coil is sufficient to 
saturate the iron cores of the choke, the choke presenta a low impedance to the 
generator; or on the other hand, if there is no current flowing through the D.C. 
eoll, the impedance of the choke to the generator ia maximum 








122. ‘The current flowing through the D.C. coil is controlled by means of a 


carbon pile connected in one limb of a resistance bridge. ‘The regulation is 
effected as follows:= 
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123. Suppose the A.C. voltage from the generator increases; an increase in 
current occurs through the electro-magnet winding; the carbon pile relaxes and 
its resistance increases. There is an increase in current through the D.C. coil; 
the impedance of the choke decreases and the voltage output across AB is restored 
to its former value. 


i24e The reverse effect would take place if the voltage developed across the 
terminalis of the A.O. generator decreased. 


125. The arrangement of the rectifiers in the bridge olrouit is such that the 
current through the D.C. coll remains uni~directional even if one of the resistances 
(3 ohms, 19 ohms, 19 ohms) of the resistance bridge goes open circuit. Thus, 
provided the carbon pile unit remains intact sane measure of regulation is still 
operative. 





126. (4) Balancing of D.C. Generators 
This ia the responsibility of the Station Electrical Officer. The 
apparatus necessary for the operation consists of a UKX generator 


(for use with the type J regulator) and the KX generator (for use 
with the type Fey regulator). 


The procedure ia as follows;- 


The D.C. regulator is connected to the D.C. output terminals of the 
appropriate generator and run up, on open circuit, for twenty minutes 
A voltmeter comnacted across the output (G+, G-) will probably show 
a slight decrease over this period. The generator is now switched 
off and then on again - this ensures that the value af the magnetic 
inducation of the iron core of the electro-magnet is given by a 
point on the lower curve of a hysteresis loop. (It is at such a 
point that it will be working). 


The voltage should now be set to 29 volts. In the case of the F type 
voltage regulator the voltage is set by adjusting the core of the 
voltage pile. In the case of the J type voltage regulator the 
adjustment is effected by means of 4 separate rheostat which is in 
series with the electro-magnet coll of the voltage pile. 


In the event of a regulator showing instability, the setting of the 
back stop of the voltage pile should be checked. The standard setting 
is obtained by screwing in the back atop until the pile is fully 
compressed (the front stop being set flush) and then unscrewing three 
quarters of a turm Only slight variation fron thia setting should 
be necessary; if this is not the case, the carbon pile (48 disos) 
should be examined to see if any of the discs are damaged or jamminge 


NOTE:=~ If the regulators are tested by using the aeroplane generators and 
ruming the engine, they should be tested with the ACCUMULATORS 
DISCONNECTED. For, if they will regulate without the steadying 
influence of the accumilators, they will certainly regulate with 
this influence. 


(44) Setting of A.C. 
For thia purpose a UKX generator - with the D.C. output controlled 
by a type J regulator < mist be wired so that ita D.C. and A.C. 
outputs oan be plugged in to the Control Panel Type 6 = See Figure 62. 


A voltmeter of the rectifier type, which has previously been 
oalibrated against an accurate thermal voltmeter, should be plugged 
in to the top left hand 4 pin plug of the V.C.P. ani the voltage 
determined under a load. Adjustment to S0V. ia effected by means 
of the trimmer resistance which ia in series with the ballast 
resaiator and electro-magnet winding of the carbon pile element; 

il the control for this is situated between the terminal block and 
the magnet pot of the carbon pile element. It should be noted that 
the ultimate criterion for the A.C. voltage setting is that the D.C. 
voltages (1800V, 300V, 1LOOV) of the Power Unit are correct. 


(ii3) 
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It is claimed that no further regulation is necessary and that there 
will be no tendency for the 80V. supply to jitter (provided, of course, 
that the D.C. has been properly regulated and that the bridge circuit 
DC. and A.C. coils are in good condition). If, however, jittering 
does occur it can be overcame by slight adjustment of the compression 
sorew (ise. the back-stop) of the carbon pilee 2 It should be noted 
that increased compression of the carbon pile does not necessarily 
produce an increase in voltage (as it does in the case of the Control 
Panel Type 5); it depends on whether the original setting of the 
compression of the pile is such that increased compression takes the 
bridge further away fron a balance or nearer to a balance. ivhen the 
jittering has been over-come, the voltage is brought back to 80V. by 
means of the rheostat. Finally, compress the spider spring between the 
first two fingers ani thumb and make sure that the carbon pile is not 
too tight to regulate. 


1 In the first few models, there is no such adjustment and the core 
adjustment (front) must be used. 


2 In later models this will be locked in position. 


Additional Note 

It is highly important that the polarity of the D.C. input be as 
follows:- Pin 1 negative. Pin 2 positive. If this is not the case the 
VeCePe will not regulate. 


If a new V.C.P. will not regulate when the input polarity is correct, 
it is probable that the polarity has been reversed in the internal 
Wiringe Check this by finding out if the junction of the two 19 ohm 
resistors is connected to Pin 1; if it is connected to Pin 2, reverse 
the leads from the suppressor to the bridge. 





SUMMARY OF SETTING OF CONTROLS ON ART 5153 
Controls not used on Squadrons 


1276 (4) 
(44) 


IeFe Tuning in TeR and Receiver. 
Marker Timing in Receiver Timing Unit. 


Controls used by Maintenance Personnel only 


128 (i) 
(44) 


(iii) 


Suppression delay on Receiver; set fully anti-clockwise. 


PPI Radial on wave-form Generator; set, with gain fully anti- 
clockwise, so that the brighten-up leaves about 1/16" dark hole in 
the centre of the PPI on the 10m. rangee This control interacts with 


(vii). 


Kecurrence Frequency in Modulator; set to give free frequency just 
lower than locked frequency. ie. red dot on control opposite springs 


(iv) Mixer coupling on T2R; set right '‘in'. It should be checked that 


(v) 
(vi) 


this does not entail loss of sensitivity (using Sige gene47 on bench). 
If so, set as far as possible in without losing sensitivity. 


CV 43 Tuning on T¢R; set on signals or echo~box response for maximum. 


CV 64. Matching Slug in T2R; set so that frequency change is less than 
4 M/c for t gz" movement, with minimum loss of powers Procedure as follows: 


(a) Determine range of slug movement for which power is not more than 
15% down on max. 


(b) Set slug 3%" inside end of this range further fran CV6k. 
(oc) Tune CU43 and CU67. 


(a) Move slug 4" either way and see whether echoes on indicator drop 
75%. If not, slug is set satisfactorily. 


(e} If not, move slug 3" nearer CU64 and tune CV43 and CV67 and 
try again, etc. until position where echoes do not drop is found. 
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(vii) PPT Radial on Switch Unit:.set as (11) on 30m ranges 


(viii) Range Zero on Switch Unit; set so that when Range Dial is set 
to sero, the range marker just touches the trigger pulse. This 
is visible when the suppression is removed by setting it between 
‘two clicks with the modulator switched off. 


(ix) Height Zero on Switch Unit; set in Mk. ITIB so that the range and 
height markers coincide at 1 m and 6000' respectively. 


(x) 30 mile zero on Switch Unit; set so that the suppression gives 
about §" dia. dark hole in the centre of the PPI when noise 
acintillations iliuminate the rest of ite 


(xi) PPI shifts on Switch Unit, set to centralize pictures 


(xii) Height Tube shift; used to bring the suppression flat to the 
: bottam of the tube when the zero controls are correctly sete 


(xiii) ‘eps on CRT input trensformers, set to give circular soan, li = 12 
| omse according to PPI tube in use. 


(xiv) ‘Tape on cathode resistance of second 
amplifier in indicator; set to maxinm 






stage in PPI input 
with present type of FPT. 


DSTATLED DESCRIPTION OF UNITS 





129. ‘In the earlier sections of this dooument we have described the purpose 
‘of the H2S equipment and given a general description of the functioning of the 
various units which go to make up the equipment. In the following section we 
shall consider each unit in detail and show how the various functions performed 
by it are produced. : | 


_-«'30e =6fo study the action of the power mit the diagrem given in figs. 8 and 
“Lo should be used. FigeS is an interconnection wiring diegrem which shows the . 
canplete cirouit associated with the power unit. It will be seen that the 
‘buttems for operating the switching sequence are situated in the switch unit 
type 207. ‘The location of components and controla may be seen in figse 11, 12 
and 13. 7 | | 


131. ‘The equipment in the power unit is concerned with the conversion of 
the 80-volt A.C. input to the verious D.C. output voltages requirede These 
axe as followsi- , 


(1) +300v. 
(44) +1800V- 
(144) “1B00V.. 
- (av) -LOOOV. 
(v) -1LOOV. 


132. ‘The means by which these supplies are obtained can be seen by 
referring to figel0. ‘the transformer 1303 which is comected to the 80-volt 
supply when relay B operates, furnishes through the full wave rectifying valve 
Vig, the +300V supply and also through W303, the negative 100-volt supply» 
These supplies therefore came.on when the L.T. ON button is pressed to energise 
relay Be , . 


133. The smoothing circuit consists of a "choke first" arrengement 
employing CH302 and C302 ‘This arrangement minimises the peak load on the 
reotifying valve during the condenser charging period which would otherwise be — 
very great. Adequate smoothing is obtained because the frequency (1000-2000 
c/a) is feirly highe Further tappings on the secondary winding of T3093 supply 
the rectifiers W302 and W3036 ‘These are arranged to furnish the negative 100V. 
bias supply. ‘The voltage of the 300V. supply is measured by inserting a 
millieammeter in the jack J3q, which is itself comnected across part of the 


S.D.0296(1), CHAP.1 
« 355 2nd Edition 


(vii) PPT Radial on Switch Unit;.set as (14) on 30m. ranges 


(viii) Range Zero on Switch Unit; set so that when Range Diel is set 
to zero, the range marker just touches the trigger pulsee This 
is visible when the suppression is removed by setting it between 
‘two clicks with the modulator switched off. 


(ix) Height Zero on Switch Unit; set in MkeITIB so that the range and 
height markers coincide at 1m. and 6000' respectively. 


(x) 30 mile zero on Switch Unit; set so that the suppression gives 
about §" dia. dark hole in the centre of the PPI when noise 
acintillations jliuminate the rest of ite 


(xi) PPI shifts on Switch Unit, set to centralize pictures 


(xii) Height Tube shift; used to bring the suppression flat to the 
‘bottom of the tube when the zero controls are correctly sete 


(xiii) Taps on CRT input trensformers, set to give circular sean, li ~ 12 
amse according to PPI tube in use. 


(xiv) Tape on cathode resistance of second stage in PPI input 
amplifier in indicator; set to maximim with present type of FPle 





129. In the earlier sections of thia document we have described the purpose 
of the H2S equipment and given a general description of the functioning of the 
various units which go to make up the equipment. In the following section we 
shall consider each unit in detail and show how the various fumctions performed 
by it are produced. 


«130. «To study the action of the power unit the diagram given in figs. 8 and 
10 should be used. Fige8 is an interconnection wiring diagram which shows the . 
complete cirovit associated with the power unit. It will be seen that the 
buttons for operating the switching sequence are situated in the switch unit 
type 207. ‘The location of camponents and controla may be seen in figse 11, 12 


«132. ‘The. equipment in the power unit is concerned with the conversion of 
the 80-volt AC. input to the various D.C. output voltages requirede Thase 
are es followsi- | | 


(4) +300v. 
(44) +1800. 
(444) 1800. 
(iv) = -1000V. 

(v) “LOOV. 


132. ‘The means by which these supplies are obtained can be sean by 
referring to figelO. ‘the transformer 1303 which is comnected to the 60- roOLt 
supply when relay B operates, furnishes through the full wave rectifying valve 
Vig, the +300V supply and also through W303, the negative l00-volt supply> 
Thear supplies therefore come.on when the L.7. ON button is pressed to energise 


relay Be 


133+ The smoothing circuit consists of a "choke first" arrangement 
employing CH302 and 03q2e ‘This arrangement minimises the peak load on the 
rectifying valve during the condenser charging period which would otherwise be 
very greate Adequate smoothing is obtained because the frequency (1000-2000 
o/s) is feirly highe ‘Further tappings on the secondary winding of 1303 supply 
the rectifiers W302 and Wzo%- +=‘These are arranged to furnish the negative LOOV. 
pias supply The voltage of the 300V. supply is measured by inserting & 
milliameter in the jack J3q, which is itself connected across part of the 





S+D.0296(1), CHAP.1 
oe 2nd Edition 


potentiometer formed by Razg Ond Rajg« The values of Rajg and Rzjg are chosen 

so that a reading of 1 m4. is obtained when the supply is 300¥. The tolerance 
permitted is t 10% Gimilerly the resistances R316 and Ray7 form a potentianeter 
by which the «1lOOV. supply can be checked by inserting the milliammeter into J 303+ 
Again a reading of 1 milliampe = 10> should be obtained. The total current ~ 
supplied by Vary can be measured by inserting a milliammeter in J 302+ For this 
reading, the resistances R337 and Ri give a multiplying ratio of about 220:1, 

so that if the correct feed current of about 250 mie is being supplied the reading 
on the millismmeter should be approximately 1.1 to 1.2. 


1340« The +1800V. and -1800V. and -1000V. supplies are all obtained from the 
transformer T2599. This transformer is energised when the 'H.T. ON’ button is pressed 
to operate relay C. .t supplies the four valves V300r Viol» V3o2 and. Vag3 which 
are arranged in a bridge circuit. V309 and Vzoo are arranged to supply <1800V. 
through choke CH. 39) and Vso) and V3o3 supply +1800V. through the choke Cie 390. 
the potentioneter R33), R339, R338, R333 divides off thé -1LOOOV. supply and two 
other potentiometer chains feed the jacks J: OQ] and 3300 BY which the positive and 
negative voltages may be measured. The serles resistances are chosen to give a 
reading of 1 mie when the voltage is 1800 in both cases. 


-. &35e The Modulator operates when the 300V supply is switched through to it 
by the closing of contacts operated by relay Ee The operation of relays D, BE and F 
is given in Mili in para. 139 etseq. below. | 


136. Switching on sequence. As has been stated above, the switching on 
sequence is performed by meang of relays. These relays are situated in the power 
unite In the diagram, the relay operating coil is shown as a square with a letter 
giving the reference of the relay and a number which ia the number of contacts 
operated by the relay. when the main awitch, which may be at the navigator's table 
or on the valtage control panel, or on a block grouped with other switches, is 
switched on, 30V. AsCs is applied to the twompin black W plug Ws20k.e ‘The rectifier 
‘W 300 immediately furnishes the necessary current to operate relay As Relay A 
contact 5/6 closes and prepares the following circuits: 








We20h two pin red 24V(= into relay contact A 5/6 pin 3 of 18pin plug 
to junction box type 83, pin 6, W+201, closed contacts of LeT. OFF | 
button, the green signal lamp SL.150, to Let. ON contact. 








_ 137+ When the L.7.0N button is pressed, this cireuit is completed through pin 
2 Of W199, the operating coil of relay B to 24V. postbLyes Relay B now operates 
and its four switches close with the following results: mgt 


(i) Contact 7/8 closes and holds the relay energised independently 
of the 1.1, ON button so that when the button ia released the relay 
continues to hold. 

(44) Contact 5/6 closes and completes the SUV. supply to the junetion 


- box via contact 6/7 and 8/9 of the l3-pin plain W plug. number W.203. 
‘The other side of the 30V. supply is slready connected. 





(iii) Contact 9/10 closes and prepares the circuit of the operating 
winding of relay Cs ‘This is the first atage of the preparation of 
‘this clreuit, and relay C does not actually operate until the second 
stage, given in parael4O below, has been completed, and the E.T.ON 
button is pressed. The function of contact B 9/10 is to apply 
24V. “to one side of relay C. ‘This contact also supplies D.C. to 
Pin 2 Of We203 and thence via the junction box to the blower motors 
in the T¢R and indicator. 


(444) Contact B 12/12 closes and completes the 80V. supply through T3909 | 
, Tzgze ‘The metal rectifiers of the Ws302 and W.303 (see figeld) 

now becane operative and develop the negative 1O0V. power supply. 
V304, the HeTe rectifier, also operates and develops the +300Ve H.T. 
supply» <A further winding on T3903 heats the filament of the. valve 
V305+ ‘This valve is known as the protective valve because its 
function is to prevent the switching on of the H.T. supply before 
the L.T. supply has been on for a certain time. 


aletaiie. 
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436. The further setions in the ewitching on sequence now depend..on this 
vaivee It will be seen on examining the oirouit ¢ diagram that the combact 5/6 of 
relay C in the arid cireuit of the valve is closed and relay Cis not energised. 
Considex now the potentials on the various electrodes of the valve before it 
commences to pass current; that is, before the cathode hae warmed up suffieiLently: 


The anode will be at +500%; 
The soreen at +2507. 
The grid at +157. and the euppres: aie ao eethode wlll be at sere valtse 








139e As soon as the valve conducts, there ia a fall in potential at the anode 
which is fed back to the grid through the condenser Cz, and the contact 1/2 of 
relay Ee This contact, is closed when the relay ia not energiseds The feed back 
effect from anode to grid immediately reduces the grid voltag sc, and thie in turn 
atops the flow of anode currents ‘This type of cirault la known as the Miller fead 
pack chrauit, and the special feature of it is thet the grid votentlal only rises 
extremely slowlys With the values of the clroult constants used it aetually takes 
30 to 40 seconda before the grid voltage rises aufficieant ay tO @liow anode current 
to flow and so operete relay D. ‘the anode current in the valve divides at the 
ween the operating coll of relay D and the shunt realatance Rags ( (figel0). 










When the current has becane sufficiently ene to energiae relay D the 
owing olreuit changes oceniars 





ac pace Crom 5 and closes te 7 te remowe the ahunt 
resistance R323 and @lse to short-out the series resletance RzQ9+ 
a current through the relay winding therefore inmereneaes and 
helda the relay well energieed. 


(12) Contact D 1/2 closes to conneot the operating coll of relay 6 through 
pin 4, of Wel99 to the H.T. ON push buttome Thia ie the second stage 
in the aig data of the alreult to this push buttan mentioned at 


parde 137 aboves 


(144) Contact: D-3/4 which 4 is. closed. when the relay is not energised, now 
opens and breaks ‘thet wehVs supply to relay Ee 


ijl. If the H.T. Of button ie: pra proased the ciVe DeO. Glroult through relay 
G is completed through the ember lamp Sl.iSl, the-laT. ON button contacts, the 
io Te OFF contacts pin 6 of W.201, Junction bo type O3, pin 3 of We2035 and through 
contacts A 5/6 which are closed to 24. @idgative 















ative jw Relay C therefore operates and 
eho 
(i) Comtast c a ieies the Ads lebai the 24. DeC. clrouit independently 
of the Hee ON push button ao that the relay holds when the button 
ie released, 


(14) Contact ¢ 1/2 closes and applies 2).¥.- 
of relay F and alec to contect 3 of relay 


(144) Contact 6 7/8 closes and cual e ree the GOVe As. supply cireuit to the 
primaries of transformers Tyo) and 202: ‘This makes the E.HeTs 
olroults operative, and the’ 1800 and -1000 volt supplies are 
dere lopede. 
(iv) Contact 0 5/6 now ofetia and removes the positive voltage fron ¥305 
grid end leaves the valve with a mogative bles of about -20V. due to 
hd negative feed to the Jumetion of Rog, Reg obtained from the ~LOOV. 
las supply through Raioqe The anode current now commences to fall, 
ms the feed back coupling prevents the Pall fron ocourring rapidly, 
80 that it takes about 20 seconds before the fall af current isa 
sufficient to de~energise relay De | 



















Lij2. When relay D becomes de~energised the following actions take place: 


(i) Contact D 1/2 opens to break the D.C. circuit between relay C and 
pin 4 of W199. vais hag no elect ag relay C is still being held 
throigh gontect ¢ 3/) and pin. 5 of We199. 


(ii) Contact 6 of relay D new breaka from contact 7 and closes with contact 
2 to put Rap9 again into ¥: 295 anode load and shunt R493 across the 
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winding of relay D. Vio5 is now back to the condition which 
existed when its filament was first heated, with the exception 
that the bias of +15V. on grid now becomes -20V. 


(111) Contact D 3/h now closes and completes the 24V. D.C. circuit 
‘‘hrough the winding of relay E which now becames energised, the 
cLrouit fraa the relay winding being completed through A 5/6 to 
2bV» iSaathves 

dows; : 
When relay E is energised, the following changes occur: 





(i) Contact B 9/10 closes to connect +300V. to the modulator to W.203 
pin 17 and the junction box. 


(44) Contact B 1/2 breaks and EF 5/6 closes, and the feed back condenser _ 
Cay, is disconnected from V3g5 grid leaving V3g5 cut off on the grid. 


(444) Contact EB 7/8 closes to complete the 24V. D.C. cireuit through the 
red pilot lamp SL.152 and pin 6 of W199. This is the indication 
to the navigator that the equipment is fully on. 


connects the 424V. D.C. line to one side of the winding of relay F. The other side 
of the winding is connected via pin 1 of the W.199 plug to the motor switch in the 
ewltch unite When this motor switch is put to the ON position, therefore, relay F 
‘ie energised. Contact F 1/2, parallelled to 5/6 because of the high current loading, 
aLoses to feed the 24,¥. supply via We200 to the scanner motor. | 


1,36 As has already ‘been stated, when relay C is energised, the contact ¢ 1/2 








Ue When the Le. OFF button is depressed the D.C. supply to-relays B and C 
is broken. This. cuts off the entire power unit and hence all the other units. 
All relays therefore return to their initial conditions. 


5. If the Ie. ON button is depressed when the equipment is running, the H.T. 
and E.H.T. supplies are switched off, but the L.. ia left one ‘The actual sequence 
of eventa is aa follows: | “f 


(i) ‘the “24Vo D.C. is disconnected fram pin 5 of We199 ain the switch unit 
$0 that the supply through the operating coil of relay C is broken 


and the relay is de-energised. 


(ii) ‘The contact C 7/8 opens and cuts off the 80V. A.C. supply from the 
transformers Tyg2 and T393, so that there are no further E.H.T. supplies. 


(442). Contact O 1/2 breaks the 24,7. DO. supply to relays E and F. 

(iv) Relay E is de-energised so that contact E 9/10 opens and cuts off. the 
+300V+ aupply fram pin 17 of W203 thus breaking the supply to the 
modulator. . | 

(v) Relay F is de-energised and breaks the scanner motor 








(vi) ‘the contact C 5/6 closes to connect the positive bias : fram Ry25 to 
the grid; further, contact E 5/6 opens and E 1/2 closes to connect 
C30), between the anode and grid of Vigne ‘This restores the situation 
where we have '+300V and -100V. developéd and it is necessary to wait 
for the delay action of V3g5 to take place before relay D becomes 
energised again, and connects relay C.to the H.T. ON push button. Once 
‘this has occurred the H.T. ON button can be pressed at any time, putting 
‘the equipment into operation again as outlined in para. 


16. Cutting off the 80V. A.C. supply to the power unit by switching off the main 
switch at the switch block, voltage control panel, or navigator's table will also 
cut off everything since the A relay is energised by rectified A.C., and contact A 
5/6 mst be closed to obtain any 24V+ D.C. supply for the other relays. 





147. The following points should be noted in case of certain failures: 
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(i) If the 2,V. supply fails, relays B,C,D,B and F are de-erergised, thus 
awitching off the equipment. 


(ii) If the 80V. A.C. supply fails, relay A is de-energined and breaks 
the 24¥. D.C. supply thus ewitehing off thea equipment. 


(444) If some fault develops which results in excessive load on any of the 
rectifiers and hence on the 507. A.C. supply, the current through the 
primary of the transformer TsQ9 in the power unit will increase. 
Hence the rectified output developed by the rectifier W.301 will 
increases This is applied to relay A in such a sense ag to oppose 
the output of W300 Relay A then becomes de~energised and so opens 
and cute off the D.C. supply to the power unit. All the relays are 
then de-energiaed and the equipuent is switched off. 


(iv) For details of the safety circuita in the modulator type 64 (ase 
parte 193). 


U8. This completes the review of the operation of the relays in the power 
und te 


SWITCH UNIT TYPE 207 


‘1,9. The fumotion of the various adjuetments in thie unit has been or will be 
covered mainly in the description of the other unita in conjunction with the effects 
which they contrale The clrowit diagram of the awitch unit given in figel) is 
actually repeated in full in the wiring diagram figeS and this figure should be 
used to aee the way in which the various sontrols fit in with the circuit details 
of the other unitss 


WAVEFORM GENERATOR 





150. ‘The waveform generator acta aa the master qlocko? the equipwnent. It is 
supplied with AeGe at S0V. and with DC. at +300V. and -LOOV. A self-running 
multivibrate: in the weveform generator provides the timing for the syatem and 
further stages provide the waveforma which are required. The following are the 
tmtputa of the unit: 


(1) A sawtooth waveform which is supplied to the magslip rotor whence, 
aa previously stated, it supplies the time base scans on the P.P.I. 
tube in the imiicator. 


(44) The transmitter timing pulse to the modulator taken through the 
blue lead. 


(441) ‘The waveform for brightening up the trace on the P.P.I. tube to 
transform what ia originally a diametril sean to a radial scan. 
The reasons for this will be apparent when the generation of the 
PyPeI+e seana ig dealt with in paras lél below. 


(iv) A mixer stage in which this bright-up waveform is canbined with the 
qatput from the receiver is also included in the wevefform generator. 


MASTER MULTIVIBRATOR 


151. The cireuit diagram of the waveform generator is given in figel] ani 
figa» 19 and 20 give the layout of components, 


152+ Considering first of all the master clock itself, this camprises the 
valves V5o0 and Vso] and their assosiated camponents. The ciroeuit used is a cathode 
coupled multivibretors. Since great atability of operation is required the H.1. 
supply ia not obtained directly from the 300V. supply, but fran a stabilising valve 
Ve51i1- At the cathode of this valve a steady H.T. supply of approximately 200¥. is 
available. A square waveform is produced at the anode of V5q9 which is used to 
synchronise the bright-up waveform generator V5o¢ and V507.+ Waveforma are given in 
figs. 21 to 27(vii) and that at Ver, anode is given in figs 21. The waveform 
produced at the anode of Von) is used to time the sawtooth generator comprising the 
valves V5o2 and V503« 


153. The repetition frequency of the square wave produced and the proportioss 
of negative ami positive aquare are determined by the constants of the two 
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cathode circuits and to a lesser extent by the ancde loads. When the equipment is 
changed over from one range scale to another, the repetition frequency ia un- 
altered but the relative length of positive and negative portions of the square 
wave mst be changed. The times during which the grid of V5o] 18 at a high 
potential and at a low potential are given in the table below: 


“Tine for Ven, ==SSt*«‘T*SC(‘é‘séRe pet tO 
2h0 fas. * 10 | 15004s.* 1o% 
720" = 10% 1500 " 104 

1200 * 2 10% 1500 * = 10% 





Relays are used to switch the circuits, and these are controlled fron the switch 
unite The relays employed are lettered M and N in figel7e 


1540 It will be seen on examination af the diagram that the cathodes of Vso 
and Vso) are coupled by three condensers permanently connected in parallel and 
there are three resiatanoes in each cathode circult to earth. The relative width 
of positive and negative scans are determined by the ratios af these cathode 
reésistames. ‘They can be changed by the closing of the shorting contacts shown 
in fig.17, thus contact N 7/8 shorta-art Reyg leaving Rs5ig, R6og in cirouit with 
the cathode of ¥509° Also contact M 3/4 shorts-out R509 and R519 leaving only 
R508 in circuite in the cathode olrouit of Ven), R518 may be shorted<cut by the 
contact M 8/7 and R517 and R518 are both shoreet-out by the contact N 3/h. ‘Thus 
when relay N is energised on the 50 mile range the small resistance R516 of only 
15 Ks is inserted in V5oq) cathode, whilst all three resistances are in ciroult with 
V500 cathodes This causes the grid of Vso, to have its long period high for the 
timing of the 50 mile acane On the 10 mile range relay M is operated, and only 
R508 of 20 Ke is in circuit with Vs5o0 cathode, whilst contact 7/8 opens to place all 
three resistances in series with V5q] cathodes This has the effect of making the 
time for V501l grid to be high, only 240 microseconds. When neither relay is 
operated R508, Reng are in oiroult with Vs5qo, and R616, R517 are in cireuit with 
V5oi- This is the position for the 50 mide sean. 


155. Sawtooth forming stage.- The next atage which we will examine ia the 
sawtooth waveform stage formed by the valves Voog and V503- ‘These have to produce 
a voltage which is either rising or falling linearly with time. The type of olroult 
used is a form of Miller feed-back clrault, because it has been found that this 
cirouit gives an output with a particularly straight characteriatic.e ‘The Punction 
of the valve Vo93 is to produce at its anode this sawtooth waveforms The function 
of the valve Voo2 is to determine the steepness of each slope, so as to fit the 
sawtooth in with the times allocated by the multivibrator V5qq, Yao - on each 


YRRZE 


156 A steady current flows through the chain of resistances formed by R530, 
R531, R53ze When Veg2 ia conducting, this contimes through the valve and through 
a8 many of the cathode resistora as are in clrewite The mmber of these resistances 
inserted is changed for each position of the range switch. 


157. Leaving ¥5q2 for a moment let us consider the valve V5g3e ‘This is really 
the sawtooth forming valve. Suppose firat of 411 that no changea of voltage are 
being applied to the junction of C51, and C513, and that the electrodes of the 
valve are allowed to take up steady D.C. potential levela. the grid will be at 
earth potential due to the resistance R548; current will flow through the valve 
and the cathode will acquire a positive voltage due to R539 thus biasing the valve. 
AS @ result of this there will be no grid current. IY now small changes of 
potential are applied to the grid through C51), these will not cause grid current 
whether they are positive or negative, provided that the largest positive 
excursion does not exceed the bias voltage. Since no grid current can flow, there 
will be no flow of current into the plate of the condenser 051,, which is connected 
to V593 grid. We may therefore be sure that cny waveform present at V502 anode will 


also be applied to V5q3 grid. 
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158. The grid of the triode section of Vsgg is held at a steady potential 
and the square waveform fram V5g) anode is applied to the diodes of V592- During 
the positive period the diode anodes and t.ierefore the cathodes are carried positive 
to the grid thus cutting the triode section off. During negative periods the triode 
section is conductinge We will now examine what happens when the valve V502 is 
awitehed on and off by the square waveform from the master miltivibrator which is 
applied to the diode anodes of V5q2. As the multivibrator ia operating contimuously 
we must choose same point in the cycle and consider what happens during the rest 
of the cyclee Let us therefore choose the moment when V592 ceases to conduct in its 
triode sections Since it has been previously conducting, the voltage drop in the 
anode resistances will have caused Vsag9 anode to be at the lowest point in the 
potential cycle. The anode of the valve will therefore tend tc rise in potential. 
We have said that this point in the cycle represents the lowest voltage value for 
Vs02 anode and V50% grid» Furthermore the potential at the upper end of 1532 is 
applying a positive voltage which will tend to raise V502 anodes As soon as V503 
grid risea in potential Vsoz anode falls and thus opposes the rise of grid potential 
through the coupling action of C513. The net result is that V5q2 anode is only 
allowed to rise very slowly whilst V593 anode falls M times as fast, where M 
(about 120) is the voltage facter of Che valye V5O%« 


159e Slope of sawtooth.- The rate at which tu. c. a0 of potentials takes place, 
that is, the volts change per second, or per microsecond, is determined by the rate 
at which current is supplied by R532 to the side of 0513 sonneated to Voo2 anodes 
This rate actually depends upon two factors, (i) the r-levant time constant 
associated with R532, C513 and the valve V5093, and (ii) the voltage applied to the 
upper end of Rezae The relevant time constant is the complex one, R562 multiplied 
by C513 miltiplied by (1 + M) where M is the amplification factor of %e ©Since 

we do not alter these values when changing from one range to another it follows that 
if we wish to change the slope of the sartooth (that is, rate of change of voltage 

of V502 anode with time), we shall have to change the voltage of the upper end of 
R532 as we switch from range to range. This is taken care of by a suitable sholse of 
the values of R530, R531 and the cathode resistances R533, R53,5 and R535, one or 
more of which is switched into cireuit as the range change switch is moved, thus 
providing a lifferent D.C. level of the junction of 253] and R532 for each ranges 


160. It will be noticed that we have not made any mention of the function of 
Csj2 connected to the upper end of R5320 This condenser feeds back the cathode 
voltage of V to the junction of R53] and R532 and it has the effect of applying 
teed back to the grid circuit of V503, thus still further ensuring the linearity 
of the sawtooth. 


161. ‘The sawtooth waveform produced across R51 is fed to the grid of V5o) where 
it is amplified and supplies the winding 3/4 of the transformer T50]+ A secondary 
winding of this transformer, which is centre-tapped to earth, supplies two waveforms 
in opposite phase to the scanner magslip rotor over the connections, pins 2 and 6 of 
the 6 pin plain W plug, W199. As has been already pointed out, the output fram the 
stator windings of the magslip is supplied to the four deflector plates of the P.P. Is 
indicator to produce the rotating diametral scan. The same timebase is also taken 
off fron the secondary of T5q) through a parallel connection to the indicator unit 
to supply the height tube with its time base. 


162. ‘the winding 1/2 of 59) acts as a feed~back. ‘The sense of the feed-back 
winding is such that the potential of terminal 2 moves in step with the voltage of 
the anode of Vso,» ‘The anode load of V5q, is large, so that the gain of the stage, 
neglecting the feed back, is highs ‘The resultant gain is therefore determined 
almost entirely by the feed-back ratios The net gain is about 4, and since the 
amplitude of the sawtooth on V503 anode is a little less than 80V. the amplitude 
on V50), ancde is therefore a little over 300V. This is the required valuee The 
resistance R51), can be chosen when the unit is manufactured to make the output 
amplitude correct in spite of the variation of the components fran their nominal 
values. To canpensate for the loas at low frequencies introduced by the circuits 
which carry the scanning waveforms to the P.P.I. subsequent to the waveform generator, 
the blocking condenser 05138, €539 in the feed-back resistance chain is made of such 
& value that the feed-back ia reduced at low frequencies. This means, in effect, 
that the valve boosts the low frequency to compensate for these lossese C537 is 4 
bypass for any stray H.F. voltages which may be picked up. 
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Transmitter + valve 


163. We have now to consider another function performed in the waveform 
generator, namely the production of the timing pip, controlling the operation of 
the timing multivibrator in the modulator desoribed in para. 189 below, and hence 
the moment of firing the tranmitter. We have already shown that the output of the 
sawtooth generator when applied to the P.P.I. tube in the indicator produces a 
diametral soan, What we have to do is to fire the tranaitter at the exact moment 
that this diemetral acan passes the centre of the tube. The valve which does this 
ia Voos, and it is supplied fran a further winding of the transformer TS501 
montioned above. This winding, the winding 8/10 of the transformer has terminal 
1O earthed and terminal 8 comected to the grid of V505 through C520 and C55q- «The 
winding is so arranged that the potential of 8 rises during the working stroke. 

The timing pip which we require to produce at a point approximating to the middle 
of the scan is produced at the anode of V595 and led aut of the waveform generator 
box via the blue Pye plug. 


1642 ‘The way in which the valve Vegs produces this pip is as follows: first of 
all, to understand ite action, consider the voltages on the various electrodes of 
the valves, ani assume that no potential is being applied at Csaqe ‘The cathode is 
directly connected to earth. ‘The grid 1s connected through the 1 megohm resistance 
R550 and a smaller resistance Rosg to the range sero control in the switeh unit 
through pin & of the l2-way range plug. This merely produces a point of variable 
positive potential. ‘The grid itself is held slightly more positive than the value 
determined by the setting of this control, because a further leak R588 is taken to 
a high voltage pointe Anode current to the valve is supplied from the junction of 
R553 and R55, the effective anode load being about 90,000 ohms. Owing to the 
potentianeter method of connection, the anode voltage is about 18V. A further 
potentiometer R55) and R552 providea the screen with an effective supply af about 
70Ve and & screen load of 70,000 ohms. Both anode and screen supplies are taken 
from the 200V. stabliiaed line. 


1656 The screen is lightly de-coupled by C521, the time constant being 70 ps 
The suppressor is coupled to the soreen by Coz. Res, is a leak resiatance between 
suppressor ard e@arthe Furthermore the suppressor ia prevented fran going positive 
to earth by the first half of the diode Vs5o9+ ‘The valve Vsos5 is thus a form 
of trensitrone When the scanning voltage is being continuously applied to Oazo, 
the control grid of V6gs5, when it is positive to the cathode, will cause C520 to 
become negatively charged through Rs The level of grid voltage will be "restored* 
about the sero volts line, tnd its excursion of voltage will be to about 35 or 40 
volts negative. In normal working, therefore, there will exist a difference of D.C, 
potential level acrozs C52oq, after the application of a few cycles of sawtooth. 

We therefore have the condition that the commencement of the rieing atroke Vao5 grid 
is at an extreme negative potential of the order of 40 to 45 volts negative to 
earth, the waveform being aa shown in figs 26. 








166. If the grid potential rises, following the working stroke of the sawtooth, 
it will eventually reach the point of cut off, namely about -2V. Anode current will 
caumence to flow thus reducing the potential of the anode fran ita previous value 
of 18V. Screen current will also flow and reduce the potential of the soreen. 

This will in turn reduce the potential of the suppressor through the coupling action 
of Csoge ‘The effect of this ie to cut the flow of anode current off at the 
suppressor grid, this diverting the whole flow af cathode current to the screer. 
Thie still further reduces screen and suppressor potential thus confirming the out- 
off of anode current. As a result of this, the anode voltage rises first of all by 
a ee volte ami then when completely out off, it returns to ite originel potentiel 
of 18V. 


167. ‘here ia e certain amount of capacity between anode and earth, due to the 
capacity of the cable connecting it to the modulator, ao that the rate at which it 
returns to ita original potential is determined by the time constant formed by this 
capacity, and the resistance Ro55- ‘This sanewhat long time constent waveform is 
differentiated in the modulator itself by the condenser C7, and resistance Rig in 
the modulator unit, thus producing the required short~duration pip for triggering 
the modulator multivibrator. 









1686 dange wero adjustment.«~ The point on the sawtooth at whieh is this pip 
ecours and therefore the polnt on the soan at which the trenemitter Mires can be 
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advanced or retarded ‘by means af the rangs zero controle ‘This closes or opens up — 
the "hole" in the P.P.I. pleture see paras 20s 


Bright-up multivibrator 





169. the purpose of this stage da to brighten the diametral scan during the 
sécond half of its travel across the P.P.I. tube, so as to turn it from a diametral 
goan into a radial scans Whilst this atege goes by the name of the bright=up 
stage, and we talk abart brightening half of the scan, we do not actually raise 
the potential of the "brightened" half of the sean to produce a continuous, bright 
traces What we do is to bring up the potential of the P.P.I. tube during this 
half of the scan to the critical level above which any further positive voltage 
applied to it, will result in a visible traces During the first part of the 
aiametral scan, the P.PsIe tube grid (modulating electrode) ie kept so well 
negative that no signals, or other voltages applied to it, can produce a visible. 
apot ox Marke The type of waveform pete to ie this shapedeety is seer eter 





This ‘positive norton: must Gave a very flat ope “this ope of wave ‘is enodiasd in 
“the muitivibrator stage employing the valves Y5o6 and Y507° fhe aatput fraa the 
epee 4 ciipepenatei is not ee —o. to the 3 tid Oe EOr but ia ft rat of all 


Ye00 


170 Let us consider now the form of multivibrator used in the brighteup 
generators This camprises the valves Vs5o6 and V5q7» The connections make this 
stage a flip-flop type of multivibratars That is, one which haa a-atable atate in 
which one af the valves is cut off and the other is fully conductinge In this case. 
the valve Vag7 is conducting and ¥s506 is cut off in the stable statee The cathode 
reaistance Regs is common to both valveay ‘The DO potential of the grid of V507 1s | 
determined by the setting of the radial P.P.1. adjustment in the control unit. This 
edjustment is merely a potentiameter connected between earth and point of positive 
potentiale This sets the level of the grid of W507 and, therefore, the level of 
‘the cathode of Ve97 in the stable states The cathode of ¥506 is connected to the 
cathode of V: 507» and thus: the ‘b: 506 ris 









L7ils The cind of square wave which we have to produce is one which has its 
positive portion commencing at exactly the centre of the rising sawtoothe ‘This 
positive portion must be sustained until the end of the sawtooth and the negative 
portion mist immediately commence at thia point aco as to black out the fly-back 
atrcee The negative portion mat continue for the first half of the next rising © 
sawtooth. The relative times can be seen in the diagram, figel9. The way in which | 
this timing is carried out is somewhat involved but esaentially it is done aa 
follows t~ 





172. the positive going edge of the master miltivibrator produced at the anode 
of V5o9 and the sawtooth rising stroke produced at terminal 8 of the transformer T501 
are both applied ‘through condensers and a network to the grid of Veog- ‘To show the 
way in which these waveforms are added together in the network comprising the 
double diode valves 509 and V519 and their associated resistances and condensers 


the diagram fige18 has been prepared the sawtooth waveform is applied through C52), 
to the point A ise. junction of Cra), and R559 ‘giving 





| the waveform labelled A in 
figelg. The square waveform from”V509 anode is applied through C523 to the point B 
resulting in waveform B. figs 19. 





_. d73e The cathode potentials of the 2nd half of V509 and both diodes of V510 and 
the grid potential. of V507 are all set by the potenticneter chain R557, 2558 and 
VR151 in the switeh unite ‘This point we have labelled C in fig»18 and the waveform 


diagram shows the waveform of C ag a horizontal line. 








L?he The waveform diagram haa been split up into periods by the vertical lines 
labelled 1, 2, 3s 4 and 5. 


175- The seiaet of the network mentioned |; 
‘potential of the point E which is the grid of W506, because ae we are tephe + 
do is to limit the period during which this point is above that of the point.¢ i the 
second half of the working stroke of the sawtooth. ‘The potential of the point EB, as 
ean be seen from the curve d figel9 follows first of all the potential of A during 
the period 1/2. 
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176. At the point 2 it reaches the potential of C and consequently firea the 
flip-flop circuit. V506 becomes conducting and VSo7 2a cuteoff.s During the 
period 2/3 the points D and E are held by the firet half of Velo to a potential 
only slightly above that of GC. 


A77+ At the point 3, the sudden negative excursion of the square wave at B 
carries the potential af B down below that of C and thus allows the multivibretor 
V506._ to swing back to the stable state with Vso7 conducting. During the 
period "297 this state is maintained because the potential of E is now governed by 
that of B through R56l- During the period 4/5 the potential of E follows that of 
D, that is, it follows the second } nade af the Ply-baok portion of the sawtooth 
and the grid of ¥506 is, therefore, carried down well. below aut-off, so far, in 
fact, that at point 5 when the rieing positive square wave is applied to (B) this 
height is insufficient to bring 1t up te the required level at which the flip-flop 
ciroult will again atrike. We are now beck at the same point in the cyele at which 
we begin to consider the operetion of the cdroul te 


“4178s Tt will, therefore, be evident by considering. curve (4) that the only time 
during which Vsog is conducting is that between the tine points 2 and 3. ‘That is, 
the second half of the re stroke of the sawtooth. 






179+ Control of staxt up of bright~up»- It will be profitable at this stage to 
examine the effect of varying the P.P. 1. adjuatwent on the awitoh unite Operation — 
of this contral changes the mumber of volts through which the sawtooth must raise 
‘the grid of the Vaog before the bright-up pulse can begin sinse the mmber of 
microseconds taken on a sawtecth to raise V506 grid through a given number of vwalts 
will vary inverseley as the velocity of the sawtooth. Adjustment of this control 
will, therefore, delay the beginning of the bright-up pulse by the largest amount 
on the 50 mile sean, less on the 36 mile and least on the 10 mile, 





a 


180. There is also a radial P.P.Ts adjustment contrel on the wave form generator. 
This is a screwdriver control and is a variable resiater VR500 tied to earth through 
& condenser 0525. The other eni of the variable resister connects point Ae The 
effect of this resistance and condenser arrangement is to delay the rise in voltage 
of the point D whilst a condenser Gge5 charges up. ‘The rate at which it chargea up 
ia determined. by the setting of YReoge ‘Thie delay wlll not vary with the velool ty 
of the sawtooth and so will delay the start of the brighteup - pulse an — number 
of microsecanda on gach gears — ite, & 








181. Whilat, therefore, these two similarly labelled adjustments do the same 
thing their effectiveness on the various ranges are opposite te one another. ‘By 
minipulation of these two controls it is, therefore, possible te atart the thee 
acans at a la v the game polrt on the tubes A sarles of adjustmenta on the 
WL6.e Mey be necessary before the correct combination is Pounds 









ixture Stages» We have seen how the brighteuwp wave form ta 

ie of Vao7 and our problem now ia to combine this wave form with 
the ane — “08 ray ‘yeaeivers The lead carrying thie oabpat ia, therefore, ‘brought 
to the wave form generator box vie the grey Pye plug. The actual process of mixing 
these two wave forus together ia complicated by the réquix ement that for the P.P. I. 
display the receiver output must be mixed with the brighteup wave form, whereas on 
the height tube display the bright-up pulse is not requi rede in fact, Lif it were | 
present it would emuse a atep to appear on the heigh# tb tube tyes we, ‘therefore, 
have to employ an isolating stage (V512) so that we can take off the output to the 
height tube thie mug & separate lead before 1t has pasa. singled up with the brighte 
up wave form. Accordingly, we apply the output through C5a9 to the red Pye plug 


and this ia the helg ht tube supply. 















183. A lead ia alao taken fron the grey Pye plug to the grid of Ve12e This valve 
is wired ag a cathode follower and can be regarded ag the last stage of the 
recelver circuit. Its cathode load is formed by the resistances R575, R576, Rey7. 
The signal frequencies are, therefore, fed fran the upper end of R575, through a 
sondenser and resistance network. of @ special form, the reason for which will be 
discussed later, ta the grid of. Y508. The resistance R581 ia inserted in the 
cathode of Vong which is also wired as a cathode follower and the final output 
wave form to the P.Ps.t. tube is taken from the black | rye plug Cee tee to the 
cathode of Voo8. The bright-up wave form is mixed in with the receiver catput on 
the grid of Vso, | 


shat 


i Chie Tt is Se bea he if a. des =5 i a be Pages 3 
eens at the ea of se bie oe inti mete fl 
R5g2 is employed between the H.T. positive line and Volt Dias 
dine which enters the unit via pin 14 of the Loewag sk “lage Be As 7b 13 rie Anode 
load of ¥o07« 7 





185. In order to pasa high frequencies to the grid of V508, R572 is shunted by 
the condenser 0532 and this canbination then has a time constant Oe 1 AUP & Aad 
Megohms = .15 seconds. In order to avoid distertion of the wave form between V5Q?7 
anode and Vong grid’a similar resistance in series with a resistance and condenser 
in parallel is employed in the grid circuit. These are Rs73, Rez, and 053%. It 
will be seen that the same time constant is obtained although the values are 
changed, viz» Rez, «15 mege x 160 AF = 215 seconds. 


1862 The grid cireuit of Vong is completed through the cathode load of Vouz 
so. that the grid potential of Vs508 actually vollows both the wave form fed in fran 
the cathode of Ve5le and the bright up wave Porm fed to it frem the anode of V507° 


187. What the modulator sets out to do is to psoduce a pulse of 363 kV. to apy vy 
to the transmitter. ‘The pulse has a duration of approximately one microseoond ar 
the’ peak power during this period is considerable, of the order of 120 kWs The 

“ immediate source af this PORT is tne ee Aine | as! shown a ae in : ft Be a oF This 





bebeeen, pulses and is discharg ok very rapialy Sie ae melee itself. The funbes Lor 
of the cirouits in the sen a a8 to provide the high voltage necessary for the 
charging process, to time the discharge, and to provide the link by means of which 
this discharge is conveyed to the transmitter bare 








188. Consider now how these various - unctions are. paxtovnd. HMirat of ali, the 
charging process is performed by the high voltage rectifier comprising the valves 
V1 and Vze This is fed directly fran the 80V. supply through a suitable filter 
oLlreuilte This reatitier: builds up a negative potential of about 3.5 kV across the 
condenser Cp... Current commences to flow through Ly into the artificial line and the 
condensers of ike artificial line charge wp one by one until the voltage af the Line 
ia equal to the voltage of the comlenser Cos During the time that this is taking 
piace, the current through Ll has been increasing, and there i8, therefore, sone 
energy stored in the inductance equal in faet to halt LI“, where IL is the self- 
inductance of the coll and I is the currente ‘This energy maintains the charging 
current Into the line and actuaily charges the line to a voltage of almost double 
that of condenser Co, via» 7 kV. Current ceases to flow inte the line when the 
current in Lj is reduced. to zeroes In the absence of any action from sane other 
circuit the energy in the line would flow out again through Lz, #inee the voltage 
across the liné is now higher than the voltage feeding into Lj fram Gg. It is, 
however, arranged that at the moment that the artificial line reaches its peak 
voltege, it is discharged through the gas discharge tube V3 into the 80 ohm Line | 
which feeds the transmitter. To obtain maximm transference of' energy the capacit= 
ances and inductances forming the artificial line are chosen so that its character 
-dstic impedance matches into this 80 ohm line. The cirewits used for timing the 
discharge for "firing" of V3 comprise the valves V5, V6 and V7. 











189. The valves V5 and Vg are- ‘conne oted: as a maltivibrator which would normally 
free~rune Its natural repetition period is however chogzen so that it is slightly 
_ donger than the interval between the driving pulses fron the wave form generator. 
Its Frequency. is thus speeded up slightly and locked to these pulaes. Since it is 
necéasary in. the equipment to synchronise the timing of a mmber of the circuits. 
with the "Firing ™ of the transmitter pulse, it is obviously logical to time these 
circuits Prom the same source as that used for timing the transmitter pulse. 
Accordingly the plugs which supply these pulses labelled J, K, M and N are connected 
. tO the cathode of V6ée The constants of the miltivibrator cireuit are so chosen that 
this cathode produces a positive 20 microsecond square wave at this point. The 
‘period during which Vé is off and Vs is on may be adjusted by the setting of the 
potentioneter R2) which controls the grid voltage of Vée. As stated above, this 
repetition time eae ‘be aet so that it is slightly longer than the interval between. 
the timing pulses. : 








190. The current pulse in V6 produces a 20 microsecond negative pulse at the 
anode which is phase reversed in the tranaformer T and is applied as a positive 
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pulse to the grid of the valve V7- This is the valve which is used to "fire" the 
discharge tube V3. This discharge tube has two main electrodes and one auxiliary 
electrode» The auxiliary electrode takes the form of a small rod which is inserted 
in a hole drilled in one of the main electrodes. ‘There is a amall gap between the 
auxiliary electrode and this main electrode. ‘This gap can be broken down by the 
application of a potential of 3kV. The main electrode which is perforated is 
connected to earth through the resistance chain Rio, Ry, and Ryp and the artificial 
line which is connected to the other main electrode is at a negative potential of 
about 7OO00V. To produce ionisation of the gas in the gas discharge tube, a 
potential is required on the trigger electrode and it is a function of the valve V7 
to furnish this suitable positive voltage. 


191. ‘To ase how it does this, we mst return to consider what happens when the 
20 microsecond positive pulse is applied to its grid fran the transformer Ty. V7 
ia normally biased beyond cut-off by the metal rectifier Wy fed through Rog and 
the secondary of the transformer T,. The pulse on the V7 grid runs the valve to 
grid current and switches it hard one The screen circuit canprises the parallel 
resonance circuit L3, C11, R3i- ‘This has a resonance frequency of about 25 kC, 
or a time for 1 ayole of 40 microsecond. ‘The flow of screen current through this 
cirouit.produces an initial fall in soreen potential, but by the end of the 20 
microsecond grid pulse, equivalent to half a cycle of the natural period of the 
clroult the screen potential rises again to the 300V. supply potential. In the 
anode circuit of V7 is connected an inductance L,+ During the grid pulse, current 
reaching about «5 amps» is built up in this inductancee At the eni of the grid 
pulse valve V7 is sharply cut off. ‘The energy stored in Ij, causes a very high 
positive voltage to build up at the anode of V7, which is conveyed through C13 to 
the trigger electrode of V4. This positive voltage puise fires the tube, and dis- 
Ghazmges the artificial line as stated abovee 


1920 It has been atated that the artificial line and the cable to the trans~ 
mitter both have the same characteristic impedance of 80 ohms. If we consider the 
line therefore as « sort of battery having an eemefs of 7 kV. and an internal 
resistance of 80 ohms, feeding into a load also possessing a resistance of 80 ohms, 
it will be seen that the voltage must be reduced to half by thia load, and the 
actual voltage applied to the line is therefore theorectically 3.5 kV. Actually, 
om account of losses in the gap and elsewhere the output voltage is about 3.3 kV. 
To enable the output to be monitored, the potenticmeter Rio, Ril, and Ri2 is 
connected across the output, monitoring point being plug F. 


193. Sefety circultss- Owing to the considerable voltages present in this unit 
and in the trananitter, a syatem of safety circuits is needed to safeguard the unit 
in case of short circuits developinge These safety clreoults comprise the safety 
valve Vj), ani the relays A, Band C. ‘These faults will normally result in too mch 
eurrent being drawn through the rectiflere When this happens, relay A in the E.H.T. 
cireuit of the rectifier will operate with the following resulta: 


(i) Contact 4/1 opens and removes the negative bias fron the grid af the 
va.ive V;, which is a protective valves 


(41) This valve now conducta and relay B in its anode cirauit is 
energised. 


(441) Contact B/1 opens and cuts off the H.T. supply from the trigger 
valve V7- 


(iv) Contact B/2 connects C5 which has previously been discharged by Ri, 
between the anode and grid of ¥j,.« 


194,<¢ As a result of the removal. of the H.T. from V7, the operating coil of 
relay C in ite anode circuit is disconnected, the relay is de~energised and so the 
contact 0/1 opens and cuts off the 80V. A.C. supply fran the primary of Tz. Hence 
we get no E.H.T. to charge the artificial line. Sinoe the H.T. is cut off, relay A 
ia de-energised and the negative bias is again applied tc Vie Due to the presence 
of condenser Cy the anode current falls gradually, but after a certain delay 
(about 20 seconds) this fall is sufficient to cause the relay to be de~energised. 
The contacts of this relay therefore revert to their original positions, vize the 
contact B/2 then switches out C5 and discharges it and contact B/1 switches the 
HeT. to V7, Relay C is now energised and G/1 closes to feed the 80V. supply again 
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to the H.T. transformer Tze The E.ii.?. supply is thus restored to the artificial 
Lines 


195-¢ If the fault which caused relay A to operate initially is still present, 
the same cycle of operation is repeated at about 20 second intervals wastil the far, 
clears itslef or the power is awitched off. 


196. ‘The contact C/2 is for use when a modulator type 64 is used with another 
RoD Fe installation. 


197. The location of individual components may be seen in the diagrams figae 
30 to 326 Wave forms are given in figse 33 to 35. 


T2R UNIT, TYPE TRe 3191 


198. <A circuit diagram of the TR unit is given in figs $6 and figs» 37 and 38 
show the layout of the principal components. The unit canmprises the magnetron 
transmitter valve Vj9] which is supplied with its high voltage pulse fram the 
modulator, the aerial feeder, the soft rhumbatron camnon T and R awitch, the crystal 
mixer stage and one stage of I.F. amplification. Considering first the production 
of the R.F. pulse, this is produced by the magnetron when a voltage of about 10 to 
L5 kV. is applied between its anode and cathode. Since we wisn to draw off the Rf}. 
supply through a concentric feeder which is integrally connected to the anode, it is 
convenient to have this electrode at earth potential and we therefore arrange that we 
supply the cathode with a high voltage burst of negative potential. ‘The cathode is 
heated by the transformer Tzo9 which must, therefore, have its secondary winding 
insulated to withstand this voltage. 


199. Referring to figs jo, the 3.5 kV. pulse arrives via the 506 obm lead marked 
3/W and is applied to the pulse transformer T192+« ‘The high voltage line of this is 
connected directly to the cathode of Viole The valve Vioe is a diode which has its 
anode connected through a 4 ke resistance to this high voltage points During the 
negative pulse no current will flow in this diode, bit owing to the unavoidable 
oscillatory nature of the discharge a positive overawing is produced after the 
initial negative swing, and this can be conveniently damped out by the conductivity 
of this dicdee Any further negative swing which might produce a second "ghost" 
pulse is thus prevented from occurringe 


200. The output from the magnetron is fed to the wave guide orifice in the scarner 
through @ concentric cable and it is necessary to match the impedance of this cable 
to that of the resonant cavity of the magnetron. For this purpose a matching slug™ 
is used. 


20l- Since the same aerial is used for both transmission and reception it is 
necessary to have sane means by which the high voltage pulse fram the transmitter 
can be prevented from reaching the easily damaged crystal mixer which is used on the 
receiving sides This is done by the use of the soft rhumbatron valve Vigo illustrated 
in figes9. The method is an extension of the "quarter-wave switching" which has 
been already employed in other circuits and it depends for its operation on the fact 
that if a short circuit is placed across one end of a quarter wave line the other 
end "looks like" a high impedance and vice versa. 


2Q@. The function of the Vio99 switching valve is to effect this changeover 
immediately after the transmitted pulse has been sent. The required short circuit 
is produced by the ionisation of the gas inside the tube. ‘The construction of this 
valve is shown in fige39. It is essentially similar to the reflector klystron which 
is described fully in 8.D.0169 and in S.D.0419 with the exception that it has no 
gun assembly. The electrode, which in the klystron is used as the reflector electrode 
in the case of the rhumbatron serves as a probe. This is held at a pressure of <1OO0V. 
and therefore provides a D.C. Pield between its extremity and the earthed rhumbatrom 
Tne valve is filled with water vapour at about 6 mm. pressure. A coupling loop in 
the rhunbatron terminates the quarter wave concentric line which connects by means 
of a T joint to the feeder between the magnetron and the aerial. During the trans- 
mitter pulse a powerfvl burst of R. energy is supplied to this leop and produces 
an RF. field in the oavity of the frequency at which the cavity is resonante A 


AR a A Hep 


* Note. The theory of matching of comsentric lines is dealt with more fully than 
is possible in this mamial in S.D.0169 para. 5. 3. 2. 3, 
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large oscillating current therefore builds up on the internal surface of the cavity 
producing a high HF. voltage across the "neck"; this ionises the gas in the valve 
which has already been strained almost to break dam point by the D.C. field due to 
the probe. The effect of the break down of the gas at the neck is to damp down 
very heavily the oscillation in the cavity. The cavity will then present a very 
low impedance to the RF. frequency at the rhumbatron end of the quarter wave 
coupling line. ‘The upper end of the coupling line therefore “looks like" a high 
impedance to the ReF. pulses and these latter pass through to the serial without 
sensible loss. 


203. Going back now to the cavity in the soft rhumbatron; this is provided with 
& second loop feeding into another concentric feeder which in its turn feeds into 
the crystal mixer chamber. During the transmitter pulse we have only a heavily 
damped oscillation in the cavity, ani therefore only a small amount of power is drawn 
off to the mixer cirouilt. Even this is inconveniently large for the receiver to 
handle and therefore steps are taken to suppress the receiver during this period. 
It is not, however, great enough to cause damage to the crystal. 


204. As soon as the transmitter pulse is over, the gas in the soft rhumbatron 
becomes de-ionised and there is then no low resistance path across the neck. The 
rmmbatron therefore is in a condition'to respond to any received pulse which may 
be picked up in the aerial and fed to it. If and when such 4 pulse arrives it is 
not powerful enough to cause ionisation, and oscillations therefore build up in the 
rhumbatron proportional to the intensity of the received pulse and these induce 
eurrents in the second loop coupling the fceder to the cryatal mixer chambere 


205. ‘the theory of the crystal mixer has already been dealt with in 5.D. 0169 and 
S.D.0419, and therefore anly a brief reference will be made to its functioning here. 
Since the navigator will require to observe the soreen of the indicator whilst tuning 
hia RF. circuits, it is convenient to have the local oscillator situated in the 
indicator unit. The local oscillator can be made powerful enough to generate an 
oscillation which, although attenuated in the fairly long connector cable, will still 
be sufficiently large when it arrives in the crystal mixer box, to furnish a strong 
signal. 


206. ‘The crystal has been found up to the present to be the most generally 
satisfactory method of rectifying signals of the order of 3000 Me/ae frequency, and 
it has the advantage that its efficiency can be tested by taking simple D.C. 
measurements of its forward and backward resistance. As a general rule the forward 
resistance should not exceed 200 ohms, although crystals having a forward resistance 
as high as 400 ohms have been found to give a satisfactory performance. The back to 
front ratios, that is, the ratios of the back resistance to the forward resistance 
should normally exceed 8:1 although in some cases crystals having a back to front 
ratio of 5:1 have been found quite satisfactory. The back to front to back check 
is not a complete test, but is a useful indication. The crystal capsule can easily 
be changed and the final decision will be to canpare signals actually obtained with 
those obtained with a crystal which is known to be efficient. 


207e The intermediate-frequency cutput is obtained by tapping off across a 
capacity connected between the crystal and the outer of the mixer chamber. This 
capacity acts as a short cirouit to the 3000 Mo/s. frequency of the RF. and local 
oscillator signals, but presents a comparatively high impedance at the intermediate~ 
frequency of 13.5 Mc/se The output of the crystal is transformer coupled to V 
which forms the first stage of the I.F.e chain. This gives approximately 4:1 volun 
step up and feeds to the green concentric cable to the receivers 


208 Due to the rectification of the R.F. currents by the crystal, a certain 
amount of D.C. is produced. This causes a D.C. current to flow through the primary 
of the first intermediate frequency transformer Lj9¢, the choke Ls, the jack J125, 
the terminal marked 2, pin 7 of the 12-way plug on the T¢R unit, through the junction 
box to pin 12 of the yellow 18-way plug to a meter connected in the indicator unit 
between pins 11 and 12 af the corresponding lé-way plug in this unit. This records 
the D.C. current through the crystel except when a portable meter is inserted in the 
jack J 125 in the T@R unit. 


209. To maintain the water vapour in the soft rhumbatron in a gaseous condition 
so that ionisation will always take place at the same applied pressure, the heating 
coils R195, Rio7 connected across the 24V. D.C. supply, are provided. There is also 
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4 blower motor for cooling the magnetron, fed through an interfereme suppressor 
unit of conventional . design. 


RECEIVER UNIT 





_ 210. This unit containg a normal I.F. amplifier of conventional design, diode 
detector, output valve, and also a series of clrewita each performing different — 
functions and grouped together on one chassis under the gensral title of the Receiver 
timing unite A canplete cilrowit diagram is given in figeLO and the positions of 

the principal camponente in the unit are shown in fige.e41 to 44. Waveforms at 
mumerous points in the receiver unit are given in figs.15 to 50. 





211. The output fron the T2R unit enters the receiver unit through a concentric 
cable and a green Pye plug, to feed directly into the intermediate frequency trans- 
former tuned to 13.5 Me/s. in the grid cirouit of the valve Vie Five stages of 
“intermediate frequency amplification follow this vaive making six atages in all. 

An intermediate frequency transformer is connected to the anode circuit of the last 
stage and the secondary of this transformer is comected directly between earth and 
the cathode of the diode valve. The diode load is connected between anode and earth 
and eaoross this a eignal potential is developed as a negative pulse. This is-applied 
through Ls and C,9 to the grid of Vg and results in a positive pulse output at the 
ancde of Vge This ls taken te tag 7 on the tag atrip through which conmmections pass 
to the timing unit loeated on the other chassis. At this point we have only the 
signal present in the reseiver output. 





212. As has been atete’ is “he generel deseription, parae 51 thie output has to 
‘be mixed wich a course marker pulse, and the range marker pulse. ‘the bright-up 
nizesr pulse which hare also to be added ig formed in the waveform generator box and 
the output of the receiver ia therefore taken through the slate Pye plug and the 

coaxial lead to the waveform generator box for this purpose. 












213. Height marker pulse formtion.~ The valves used for producing the height 
marker puise are also housed in this unit. ‘They are: Vi,90, Vil, Vi02,) Vh03~ Since 
the height marker is used on the lO-mile range for timing the renge marker pulse, we 


will first consider how the height marker pulse is produced. 


_. @lye The 20 microsecond priming pulse fron the modulator enters the receiver 
‘thalag unit through the violet Pye plug, and is connected to one side af the pulse 
transformer T,o9+« The waveform at this point is shown in figs5l, and can be seen — 

‘to consist of a 20 microsecond positive pulae followed by an interval of the order. 
Of 1500 microseconds. What the height marker pulse forming cireults have to do is to 
Produce a short pulse of about one microsecond duration which oan be applied as a / 
‘Blip’ ta the trace of the height tube. It ia necessary for this pulse to be produced 
at some time after the end of the modulator priming pulse, which time oan be exactly 
controlled. The most convenient way of producing a pulse having a nice symmetrical 
shape ia to employ a delay network. 


 2hSe Yayo and Ving form a "flip-flop" circuit. ‘This cirovit can be stable with 
either Vio? tecnastine ami Vi0l cut aff or viee versa. Considering first the state 
in which Vio2 is conducting and Vio] is cut off the "flip-flop" effect is brought 
into operation by the application of a positive voltage to V,OL gride The output 
of the "flip-flop" ciroult is taken from V1.0] anode, so that what we have to do is 
to time the arrival of a positive impulse at Viol gride ‘This has to be delayed by. a 
variable aneunt after the negative priming pulse has heen applied fran Tiop+ ‘The 
double dicde valve Vi00 performs this relaying action and is fea with the priming 
“paise on ites cathode. — , 7 


216. Consider now the voltagea present on the various electrodes of Vi0063+. During 
the interval between pulses, the grid is driven down negative to the cathode and the » 
valve is cut offs The reason for this is as follows; when the pulse ocours, the 
cathode is driven negative and current flowa in the grid circult charging the grid 
condenser C1o2- At the end of the pulse the cathode risea to a potential positive 
with respect to the grid, the grid cathode path then becemes non-conducting and the 
charge remains on the grid, holding it negative until the next pulse arrivese In 
‘the abserwe of pulses, it would in fact leak away relatively slowly through Ryol- | 
When the 20 microsecond negative pulae which has an amplitude of about 16V. drives the 
cathode af Vi00 down in potential,the diode anodes, which are coupled together and 
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connected to the lower plates of the condensers VCj,00, Cy6] and C,03(which are 
all connected in parallelsare lowered in potential by about 1). 


2l7. The resistance R00 in the anode cirouit of Vi,00 has its upper end 
comected to the 300V. stabilised line, and when current in the triode section of 
V¥400 is cut off at the grid, the timing condensers will conmence to charge 
exponentially. The voltage of the grid of Vio) connected to the Vino anode through 

will rise until the cut off value of V40l is reached, and the "flip-flop" 
cirouit will then be firede This firing will occur earlier or later according 
to the potential level of the lower plates of the timing condensers, which are 
directly connected through pin 4 of the 6—way plain Weplug to the height control 
potenticneter in the switch unit. 


213- The grid of the valve Ve402 is supplied with a variable potential 
adjustable by means of the height zero adjustment in the switch unite This 
voltage reaches the grid of V.4.02 through Pin 6 of the 6~pin plain W plug. Current 
flowing in the valve causes the cathode to sit at a voltage approximating to the 
grid voltage owing to the drop in the cathode resistance R-/06 of 15,000 ohms. The 
cathode of V+40l is directly connected to the cathode of V.402, and V.401 is 
therefore cut offs The "flip~flop" circuit will fire when the grid of Ve40l reaches 
& potential within about 10 volts or so of that of the cathode. ‘This will occur 
as explained in parae 217 above when the timing condensers connected between Vol,00 
triode anode and the diode anodes have charged up sufficiently. 


219» During the interval between the firing of the "flip-flop" circuit and the 
end of the next priming pulse, the valve V0] is condustings When it is conducting 
its grid potential is about +150 volts and its cathodje current will therefore be 
about 10 mis The anode current will be about 75:2 or 765 mAs ‘The delay network 
Teh OO, CelO5 etce, connected in the anode circuit has an impedance of approximately 
<,yQ00 ohms terminated by Rio9 of 2000 ohms and this forms the anode load. Anode 
potential governed by the drop in Ryo9 will be about 15 volts below that of the 
supply (+ 300 volts stabilised). 


2206 ‘The anode potential will rise as soon as the valve switches off and fall 
again a8 soon as it switches on. ‘the delay network has a time period of 1 micro~ 
second so that anode current will contime to flow in the terminating resistance 
Ru09 whilst the condensers C105, CLO6 to C109 discharge in succession through it 
for a period af 1 micro-second after it has stopped flowing in the valve. ‘This 
same delay will take place when the valve again conducts, that is to say, current 
will not flow in R,o9 until 1 micro»second after the anode current has started 
againe The waveform cbtained at the cathode of Vio] is as shown in figs 45 as will 
be seen in parade 223 below we are not interested in the pulse formed by the 
switching off of the valve Vi.01 but we will consider exactly what occurs when we 
switch on the valve. 


221. When we do this the anode potential drops and causes a drop in potential 
of the point 1 of T30l through the coupling action of Cjo9- This is stroke 1 of 
the waveform shown in figs5l curve f} simultaneously the junction of Lyoo and Lol 
falls in potential because of the caipling action of C95 and so do all the other 
Junctions between the inductances Lol, Th.025 L103 LEbhe After a period equal to 
the delay per section C095 charges up, then after equal intervals Cyné, [1,075 C408 
and Ci,09 become charged when C),09 is charged to H.7. potential, (stroke 2 of figs 5i 
curve f Jthis is the end of the pulse. 


e220 Consider now the effect on applying these pulses to the transformer 1,02; 
the terminals 1 and 2 of this transformer are connected across the delay network, 
and the pulses which appear on the secondary of this transformer are the positive 
and negative 1 microsecond pulses. The direction of winding of 'T,01 is arranged 
to phase-reverse the pulses and these are applied to the grid of V1,03- 


223. This valve ig connected as a oathode follower, its cathode load consists 
of & delay network and its grid is permanently biased sufficiently far to cut the 
valve off. When the negative pulse is applied to the grid, this has no effect since 
the valve is already non=conducting. The positive 1 micro second pulse corresponding 
to the switching on of V),0] however, raises the grid of Vi93 sufficiently to switch 
the valve on, and the pulse appears at the catlodee After an interval of approx~ 
imately 2 micro-seconds it reaches the last but one section of the delay, at the 
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junetion or Lik and Ly 1.59 to which is corrected the white Pye plug. From 
this plug it is supplied to the indicating unit. 


22h. Thus we see that the shape ani duration of the height marker pulse is 
determined by the constants of the ane ne hwork T.005 Tyo5 etese in the anode 
circuit of ViOl, and that it is delayed <2 pulses in the cathode af V10%4 before 


‘being passed on to the indicators This delay network is terminated by Rij, sawed 
to its own characteristic impedance to avoid reflections. 


225 The potential changes of the more important points in thia chain of 
operations are given in fge 5] curves these curves have been simplified and 
the pulses drawn to 4 distorted time scale to show the smaller intervals, . 


226. To appreciate the reason for the delay in the cathode clreuit of V1,.03 we 
have to consider exactly what happens when wo time the range marker pulse fron the 
height marker for the purpose of displaying slant range minus height or increment 
on the l0-mile range (see para. 28 above) and we will refer back to this after 
we have considered the production of the range marker pulse. 





eafe ‘The ave Marker.e~ The range marker adjustment weretes in a similar 
jhanmner to the Tet aht marker but 4 rathes more eleborate circuit arrangement is 
required because of the three.alternative rangese What the range marker clreulte 
set out to do ia to produce 4 pulse which oan be applica to the grid of the f.P.ie 
tube at same specific radial distance fron the centre of the tube on each scan so 
that the range marker appears as a brightened circle on the scan. ‘The function of 
the valve VuoG is to time the moment om the aoan that this brightening takes place 
and the function af V4o7 as ee ia to fashion the actual pulse so that it is of 
suitable shape and dure tion. 





228 As this is not the only iebag bijamaea La 7. to be egetngt to she aris 


output of the receiver proper: 


229 Havirg now sateted in general terms what we are going to do, we will consider 
in detail the cilrouit arrangements used. Firat, the valve V,06, the timing valve, 
has to time the triggering of the miltievibrator V,07 and Vio8- Talis multi-vibretor 
operates with V1.07 conducting for most of the interval between the priming pulses 
on the modulator. During the pericd fram the commencement of the initiating pulse 
which may be either the priming pula¢ from the modulator or a pulse fran the height 
marker clroulte, the valve ¥,07 is im tne non-conducting state. The interval which 
must elepse until it reverts to the camiucting state ia determined by the rate at 
which the condensers VOuo1 ; [1,42 and C..3), can charge up exponentially through the 
resistances Ri4) etee in the anode cirouit of: VanGs Reference should be made to 
figei8 for waveforms at theee points. 


230. The movement in anode potential of Vi06 during this timing period is as 
follows. Firstly, its maximum level is set by one of the diode anodes of Vi.05 at 

a@ little over 150 volte. When relay A is in the uwnenergised condition, the positive 
pulse fron the modulator after phase reversal in Too becames negative and is applied 
thraigh C128 to the cathode of VWa0Ge The velwe, whieh is biased by grid current 
between pulses in the same mamer as Vol, conducts and lowers the potential of the 
ancde, The Lower plates of the ‘timing condensers are conneated to the diode and it 
will be asen from the circuit that ne potential of these can never exceed that of 
the cathode decouple point to which they are connected through R36 nor can they 
ever be moh higher than the cathode potential. The diode anodea potential therefore 
follows that of the cathode during the negative puise but when this finishes and the 
cathode potential rises above that of the point to which it is decoupled, the diodes 
stay at the decoupling potential. By this means the overswing and basa loss effects 
on the cathalde are removed fran the diode anodes and so from the lower platea of the 
timing condensers for a considerable period following the pulse. When the cathode 
potential falis the triode portion of the walve conducts and the anode potential is 
redueed to within a few volts of that of the cathodes The potential of the anode 
does not fall as rapidly as that of the cathode aa the timing condenser has to be 
discharged to the difference in anode and diode potentials. ise. from 150 volts or 
so down to a few volts. 









23le At the end of the 20 microsecond pulse, the triode ia cut off and the diode 
potential rises to the cathode decoupling potential. The anode follows this sudden 
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rise very closely and then the timing condensers begin to charge through the anode 
resistances. As stated above, the anode potential then rises exponentially towards 
the 300 volt stabilized supply line. Only the early part of the charging curve is 
used so that the rise is fairly linear. 


232. The level at which V,07 grid fires the multivibrator is determined by the 
potential applied to the grid of VL.08 fram a range zero adjustment in the switch 
unit supplied through pin 5 of the 6-pin Weplug and Rui 


25% AS with the height ee pulse, ». delay network is used for shaping the 
pulse; this is connected in the anode clreuit of Vio8 ‘The pulse output is taken 
to a cathode follower which is biased beyond cut-off so that only a positive pulse 
ig passed on to subsequent cirouitse Vi07 is switched off fran the start of the 
priming pulse until the time at which the potential of Vi06 anode reaches the critical 
potential for V,o7 grids Vi.08 is on during this latter period and otherwise off. 

The pulse shaping network ia in the anode cireuit of V,48 and consists of six 
seotions each having « delay of .092 microseconds. ‘The delay is terminated by a 
resistance of 4,000 ohms equal to its characteristic impedance and it is short 
circuited at the far end. When the valve Vi,.08 is switched on at the beginning of 
the pulse, the anode potential drops. ‘The impedance in the anode cirouit looking 
towards the terminated end of the delay is 4,000 ohms and it is across this impedance 
that the potential drop is built up. ‘The fall in anode potential creates a4 
potential difference between the two ends of 1,17 which starts to build up current 
drawing it from the shunt capacity at the junction of 1j,17 and Li18-™ 


2340 As this capacity charges a voltage is built up across 1418 which in turn 
starts to draw current from the next condenser in the series C35. This process 
goea on until the last inductance ly,22 starts to take current from the supply. As | 
soon as li22 has reached its full current the potential across it drops to zero ani 
C1.38 becomes Qlsacharged and the remaining condensers are discharged sequentially as 
the current reaches its final value in each coil in turns The final steady state is 
with all the condensera diacharged and Vi08 steady anode current flowing through the 
inductive chain. The valtage drop in these is Regents Thus we have produced at 
Vi08 anode o square negative pulse. 


+235. There are six sections between the anode and the shorted end of the network; 
the negative pulse on the anode therefore lasts for 2 x 6 x .092 = 1.1 microseconds 
beeauge it has to travel to the end of the delay and back. Only five aections are 
between the input point for Vin9 and the shorted end and the negative pulse applied 
to Vx09 grid therefore lasta for 2 x5 x 092 = .92 microseconds and is delayed by 
the delay of one section, iee. .092 microseconds after the anode pulsee When VL.08 

is cut off, the reverse process occurs and a positive pulse lasting .92 microsecomia 
is passed to Vi.09. This is the. pancho operating pulse. The positive pulse appearing 
at the cathode of V)n9 has an amplitude of about +0 volts and is mixed with the 
signal outout from the IP snplitvar on the is of Vii 





Range Marker Gel. ibration 
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2364 To enable the operation of the range max ove : 
over the fuli length of the sean on each of "the three ranges, it is necessary to 
have three alternative time constantea in the anodes of pis ‘these are selected by 
means of relays which are energised from the range switch through pins 4 and 5 of 
the losway imps 1g ami pin 2 of the l8—way Weplug. Relays are labelled A ani B in 
the diagrame hen & is energised on the 10 mile range, only 6, ia in circuit; on 
the 30 mile range B is energised and A is unenergised placing fu,6,, R437 and R36 
totalling 1.525 megohma in cirouit and on the 50 mile ranges all the resistances 

totalling 5.2325 megohms are in cirauite 





237. On the 30 and 50 mile ranges the timing is taken fram the modulator pulse 
as explained above; on the 10 mile range the range marker timing is taken from the 
circuits which produce the height marker pulses ‘The actual point of connection being. 
the anode of Vuo@e Accordingly, the condenser C,28 which feeds the initiating pulse 
to the cathode of Vyg6. ia connected to Vo2 anode on the 10 mile range. When the 
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* Note: This particular ceausies is onitted aa-s condenser forming part of the 
delay and exists only as the input capacity of Vi,n9. 
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height marker pulse is being produced by the sudden fall in the potential of Viol 
anode when it swings over to the oonducting condition, the anode of Vi,02 rises. 
This rise in potential corresponds to the rising stroke at the end of the negative 
modulator pulse which it normally gets from T,00 in the 30 mile and 50 mile 
positions. The grid bias of Viio6 is maintained in the same mamer by the current 
charging it during the period that ViL.02 is low. 


238. The range marker is accordingly timed fran the moment at which the height 
marker is formed at V0] anode. The actual manent at which the height marker 
appeara on the height tube trace is delayed two microseconds in the cathode circuit 
of Vi,03« This means in effect that it appears a little further up the trace than it 
athe ios would, depending on the speed of the scans No such delay is introduced 
in the production of the range marker pulse and therefore when this is moved down 
towards the zero end by operation of the range control, it can be brought down 
into coincidence with the height marker pulse even though it is triggered fran the 
game circuit as the height marker. This is the reason for the inclusion of the delay 
in the height marker pulse output. 


Course Marker 


239. As we have previously stated, the orientation of the picture on the P.P.T. 
tube is controlled Pron the DR compass. To show the pilot the actual direction of 
flight in relation to the map which is locked by the DR canpasa to the true North 
position, we produce on the map a bright line. The way this is done is to brighten 
at least one of the traces when the acanner is pointing dead ahead. A rather 
elaborate circuit arrangement is used to achieve this result and it comprises the 
condensers 0,22 and Cy23 and the resistances R65, 2418 and Ri,16, together with the 
first half of the diode Vi10. 


2400. In order to brighten one trace on the P.P.I, tube, we have to apply 4 
positive voltage to the grid of the P.P.I. tube. We can do this by mixing in to 
the receiver output a positive impulse of the required duration. One way in which 
this oan be produced is to cut aff the valve Vg at the suppressor grid hy the 
application of a negative voltage exceeding about 25 volta for the required time. 
On all the ccans the duration of the stroke and flyback is abont 1500 microseconds 
and if we apply e pulse lasting somewhat longer than this we should be aure to 
brighten at least one soane 


241. ‘The timing is obtained fron a cam-operated switch in the scanner. The 
shape of the cam is a semi-circle see fig.65 and it is arranged so that the contacts 
are made at the moment that the scanner is pointing dead ahead. The contacts remain 
closed for about 30 seconds and then open for the remaining half of the revolution 
These contacts are connected through to pins 10 and 12 on the lz-way plug; pin 12 
is earthed. 


2h2e In the switch unit there ia a twompole single-way awitch with "ON" and "ORF" 
positions. This is connected to pin 7 of the le-way Weplug which connects to the 
switeh unit. When the course marker Pacilities are required, thie awitch is in the 
"ON" position and pin 7 is connected to +300 valts in the switch unit; in the "OFF? 
position this pin is earthed. 


c43. ‘The suppressor grid af Vu is connected to the diode anode of the first half 
of Vito, the corresponding cathode being earthed» ‘This diode anode is connected 
through Ry 36 to +300 volts. It therefore prevents the suppressor grid of V8 rising 
appreciably above earth potential but it can, of course, fall to any potential below 
earth. Consider the aystem when the course marker contacts have just opened, i.¢. 
that pin 1O of the l2-way plug connected to Ry65 haa just been disconnected from 
earth. Current will flow from the 300 volt supply through R16, charging Ci22 end 
Cyi24- The time constant is 1 x 061055 = 0.1 seconds approximately, During the 
period therefore that the contact in the acanner is open, these condensers will 
charge up to approximately 300 valts because the opposite sides of the condensers 
are connected to earth. C,23 is somected directly and C,22 through the diode Vii¢.° 


2h. when the contacts close C), 93 discharges through R65, thd time constant is 
1,000 x +41 microseconds = 100 microseconds ao that within about 309 microseconds the 
junction of 6,22 and Gy23 will be reduced to very nearly sero potential. This drop 
of nearly 300 volts will be applied to the other plate of C22 which was previously 
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at earth potential, driving it down to the full extend of the voltage change 

that is to nearly -300V.e As soon as the fall of voltage ceases, this side of 

Ci,22 will canmence to charge up from nearly -300 volts towards +300 volts through 
R416, the time constant in this case being 1 x .0035 = 0035 seconds = 3500 micro- 
secondse The time taken therefore for the diode anode to reach zero potential will 
therefore be of the order of 2500 microseconds, ise. «7 time constant. 


245¢ The suppressor grid of Vg is also connected to this point and it will 
therefore be held down below a potential of -25 volts for a period canfortably 
exceeding the repetition period necessary for the establishment of the course 
markere 


Signal and Marker Mizer 


2462 We have seen in the preceding paragraph how the course marker signal is 
added to the output of the I? amplifier in the valve Vg. The output of the IF 
amplifier is a negative signal applied to the grid of this valve and we have just 
seen that the course marker is also a negative signal applied to the suppressor 
grid of the same valve. ‘The output fram the valve which is taken fran the anode 
is therefore positive. The cathode is earthed. Our problem now is to introduce 
the range marker signal present on the cathode of Vi,09, end it is done as follows. 


24/7. ‘Included in the anode circuit if Vg are the resistances R52 and R51, 
together with a HF stopper lé- During the intervals between range marker pulses, 
V409 is cut off. The effective anode load of V6 is then R451 +Ryy,9 = 1500 ohmse 
When the range marker pulse occurs, the cathode impedance of Vi09 is reduced to 
about 100 ohms so that the effective anode load of Vg then becames only about 1100 
chmse At the same time the cathode potential of Vi,09 and therefore the anode 
potential of Vg is raised by about 8 volts for the duration of the marker pulse. 
By canparison with the signals present, this is about two-thirds of the peak signal, 
vize 12 voltse Vg anode is coupled by C141 and Cyy,2 to the grid of Ville V 
grid is connected to the cathode of the second half of the daible diode Vi,10 and 
the corresponding anode is maintained by the potentiometer R61, Ry,62¢ 


2482 This potentiometer sets the minimm level of the potential of V1) grid 
at +1lek volts with respect to earthe This level will therefore correspond to the 
lowest potential reached by Vg anodes ‘This will occur during the time that Vg is 
most conducting, ieee when it is not receiving rectified signals fran V7- This 
period in practice corresponds to the period during each repetition cycle when the 
receiver is suppressed during the transmitter pulse. The potential levels of Vij 
grid therefore will be as follows:- 


(i) During suppression interva] + 1.4 volts 
(ii) Range marker + 10 volts 
(iii) Peak signals + about 16 volts 


The valve Vj; is connected as a cathode follower and the output appears at the grey 
Pye plug which is connected to the cathodee The cathode resistance of Vii] is Ri,67+ 


24.9. The actual function of the various resistances in the anode circuit of 
V8 may be a little confusing at first sight. The supply of 300 volts is first of 
all reduced in R15, decoupled by Cy21¢ This point may be regarded as the source 
of HT supplye The resistance R52 of 10,000 ohms should also be regarded mainly as 
a dropping resistance because its lower end is connected through the one mfd. 
condenser C)}.9 and the cathode resistance of Vi.09, ieee Ri,9 to earth. The real 
effective anode load, therefore, is Ry,9 plus the 1 ke resistance Ri5le The voltage 
movements of the various points in the circuit have already been dealt with in 
para. 248 above. 


Suppre ssion Generator 


250e It has already been stated that it is necessary to suppress the receiver 
during the period of sending the trensmitter pulse. This is effected by reducing 
the amplification of the valves Vi and V3 in the receiver to zero for the required 
periode To do this we connect the screens of Vl and V3 to the anode of the valve Vj,126¢ 
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During the suppression period thia anode is reduced to approximately zero potential. 

A lead is taken from the violet Pye plug which brings in the pulse from the 

modulator to the delay network i235 etee This delay network is ternninated at beth 
ends by resistances B57, Ri5g. 


_ &5he The modulator pulse develops a voltage of about 16 volts scroas B56 to 
which it is applied; the pulse can be delayed in one microsecond ‘steps up to 8 
microseconds in the delay before being dissipated in the terminating resistance R57. 
Between pulses the valve ¥j,19 is biased by grid current beyond cut-off. When the — 
pulse arrives, the velve is switched hard on and the anode potential is reduced to 
‘very nearly sero volta to effect the suppression as outlined above. 7 





_#5ee The tranemitter pulse takes place ix mediately after the end of the pr 
pulse from the modulator and the diaturbance created by the transmitter pulse is all 
over within about two microsecomia of this times What we have to do therefore, is 
to ensure that the receiver is suppressed over this critical periods If therefore 
we set the control on the delay network se as to delay the pulse by aay 4 micro~ 
seconds, we shell actually be suppressing the receiver by means of this 20 micro= 
second priming pulse fran about 16 microseconds before the transmitter has fired 
‘until about <¢ microseconds after its Pirdnge The delay is adjusted in service so 
that there is just not any break through fran the transmitter into the receiver. 











Voltage Stabilizer 








cide The only remaining valve which hes not been considered in the receiver 

‘unit is the valve Vio, This la a voltage stabiliser to remove any low cycle 
fluctuations in the HT supply which are not smoothed out by the normal smoothing 
condenserse the principle on which it operates is that the 300 volt supply is 2s 
applied to the anode of the valve through R21 and to the grid of the valve through | 
Ch2he Considering the effect of applying the supply voltage to the grid we may say 








that any fluctuations of voltage wild affect the current drawn through R421 and 
Produce a voltage at the lower end of Ri2) 160 degrees out of phase with the input 
‘to the grid isd will oppose at the lower end of R21 the fluctuations applied 
directly throigh it. If the value of R21 is correctly chosen having regard to the 
voltage facto. of the valve, (tne value damanded by theory is 1 ohms where g is 
“he matual conductance of the valve ). These fluctuations cang be made to cancel - 
tate . 














_ 25he The clroult diagrem of this unit is given in fig.52 and details of 
component layoita in Pigs. 53 to 55. — | | 


255+ -In the indioator unit there are 2 tubes, the P.P.I. tube and the height 
tube. There is alse an amplifier for the signals to be applied to the grid of the 
P.Pele tube, the time base forming~stage for the height tube and also the local 
osclliator which is included in the indicating unit box for convenience of tunings 
Let us consider first the way in which the output from the magalip stators produces 
the rotating time base on the P.P.I. tubes ‘The necessary voltages enter the 
indicating unit through the 4-pin Weplug, W198, and are applied to 2 transformers, 
‘T651 and Tése. The secondary windings of these are split and have their imers 
‘supplied through a resistance network with the shift voltages; the outers, which | 
wili be 180 degrees out of phase with each other, feed the actual saw tooth voltages 
to the deflecting plates. To canpenaate for varying sensitivites in different 
tubes alternative tappings are provided by which the voltage applied to the plates 
way be adjusted, 





256¢ The shift voltage which is really the mean DC level, is applied to the 
horizontal deflection plates from the variable potentiometer VR656 and to the 
vertical deflection plates from the variable potentiometer VR657- These potentio= 
meters in parallel fon part of a chain connected between +1800 volts and ~1800 
volts. ‘The horizenteal shift chain comprise shift adjuster VR656> R701; R702» R69h, 
R695, R696, R697» VR655, R69G, R699, VR654,, R673 and R¢7,, to -1800 volt line. 
When VR656 is adjusted the potentials of the two halves of the secondary windings 
of Tés2 are shifted in potential, one up and one down. 





«257. «A similar chain is employed to operate the vertical shift adjustment. 
This feeds through VRg57, R7og, R709 and then on through the same chain to 1800 
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volt negative as for the horizontal ahift. The magnitude of the sawtooth applied 
to each pair of plates has already been resolved into sine and cosine components 
in the magsiip geared to the scammer, and since these two voltages are being 
applied in the cerrect phase to both pairs of deflection plates, the result mat be 
to reproduce a rotating diametral scan. 





258. The signal with its course marker, renge marker and bright-up pulse added 
arrives via the black Pye plug and is applied to the cathode of the valve V653+ The 
signals take the form of positive pulses which ere amplified without change of phase 
in the valve V653 and are applied to the grid of Vg5a- This latter valve ai 
comested as a cathode follower with ita cathode load formed by R733, aa 
The signals are taken off fran the Junction of R733 and R716 and Appide ar 
condenser CBT +o the grid of the P.P.I.. tube, 





259 The valve Véso is DC coupled to ¥653 by R719 snd the condenser C671 is 
connected across this to ensure transference of higher frequencies. The grid is 
maintained at a sulieable level by a connection to the negative 100 volt line through 
R7lge This gives us a coupling network comprising a candenser and resistance in 
parailel, in series with a reaistanoe. A enigma Son atitated network is there- 
fore arranged in the anode of W653 comprising Ryog in series with R72, and $675 in 
parallel. When the values of eaup nents are oe chosen, this arrangement 

qual anode to Vése grid. 








260. ‘The time base on the height tube consists of a aieete vertical line and is 
produced by the application of a suitable sawtoothed voltage hd we Opposh te - 
deflection plates of the tube. ‘These are supplied from two secon lary windings of 
the transformer 765 50s the primary of whieh la fed directly fron the Qapin plain 











W-plug which brings in the sawtooth soanning waveform fron the waveform generator 
box Tap oings are provided to adjust the length of the scan according to tube 
sensitivity: 


261.6 Vertical anift is provided by the potentiometer VR658 in a sim 
to that employed on the P.P.T. tubes 











262. Brightness control is obtained fran VRgso and the diode restorer ¥658 
prevents the grid of the P.P.I+ tube rising above the level set by this control. 
Daring the flyback perlod the grid of helght tube is reduced in potential by a 
circuit arrangement comprising 0682, Cag and R739 the theory of ite operation may 
be explained ag follows. 


Control of height tube black-out 





263. In order to black out the tube during the flyback stroke, it is necessary 
to apply to the grid of the tube a aquare wave form. We have no convenient source 
or such a waveform in the indicator unit and so we obtain one by differentiating 
the sawtodth waveform wpece provides the seaming stroke. 


SAW TOOTH | 


SQUARE WAVE 
INPUT , 


OUTPUT 
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264. Looking at the transformer Tgsq the terminal 11 provides a convenient 
source of sawtooth voltage. ‘This is appiied to the condenser 0683 paralleled by 
Cés2 in series with the resiatance R73Ge This resistance has a value of one 
megohm and the other end of it is coumected to the cathode af the tube. During 
the rising stroke of the sawtooth the junction of C683 and R73 will be at a steady 
potential corresponding to the positive portion of the square wave (see fig.59) and 
when this sawtooth reverses its direction this point will drop in potential and 
remain at the value of the negative part of the aquare wave during the whole of the 
falling stroke. Connected to this junction point through the condenser C679 and 
the comparatively low resistance R729 is the grid of the height tube. This grid 
accordingly follows the square wave potential, thus allowing the trace to be 
brightened during the rising stroke but blacked-out during the falling stroke of 
the sawtooth. 


Note: 


2656 The-exact process by which a sawtooth waveform is converted to a square 
waveform by a condenser ami resistance network may present a little difficulty in 
following at first sight. Let us however, consider the reverse process, isé. the 
charging of a condenser by arranging for a steady charging current to flow into it; 
the voltage across it will rise at a steady rate, i.e. the waveform of the voltage 
between the plates of the condenser will form part of a sawtooth. Tf we now reverse 
the direction of flow so as to discharge the condenser the voltage between the plates 
will commence to fall at a uniform rate. This is the negative slope of the sawtooth. 
A sawtooth voltage across a condenser may therefore be derived fran a positive and 
negative ateady voltage applied alternately to the condenser with a resistence in 
series with it. Conversely the application of 4 sawtcoth waveform to 4 condenser 
and reaiatance in series results in the production of a aquare waveform across the 
resistance. 


2664 Signals are applied to the two horizontal deflection plates of the height 
tube from the paraphase amplifier Vg50, V651, the receiver output combined with the 
range marker and course marker pulses comes fron the red Pye plug in the generator 
box and enters the indicator unit through the orange Pye plug and is applied after 
amplification through Vé5q to one of the horigzontal deflection plates. Owing to the 
coupling between the cathode circuits of V650 and V651 the same plates may also be 
supplied through V65] with the height marker pulse which enters the indicator unit 
through the yellow Pye plug. This plug is connected by a co-axial cable to the 
white Pye plug on the receiver unit. 


267. Diode restorers Yg5g and V657 are employed to prevent lateral displacement 
of the scan by the signals or by the marker pulses. 


Local Oscillator 


268. The remaining two valves in the indicating unit, V65, and Vg55 are merely 
housed in the indicating unit for convenience in operating the equipment and do not 
form part of the indicator as such. They are put in this box because it is desirable 
for the operator to be able to view his screens while tuning the local oscillator. 
Furthermore, there is a convenient source of «1800 volte which is used to supply the 
high tension for the Klystron valve. 


269. ‘The action of this valve has already been described in SP.0169, Chapter 9 
and also in SD.e0419. The cathode is supplied with a negative potential approaching 
1500 volts and the reflector electrode ia supplied with a variable potential having 
a negative value in the region of 1500 volts from the potentiometer VR650- ‘The out~ 
put is taken by means of a concentric cable from the rhumbatron. The frequency is 
adjusted by varying the volume of the rhumbatron cavity. 


270+ As may be seen fran the circuit diagram, the rhumbatron valve V65),, is 
connected in series with the resistance R662, Rgg 1, the valve V655 and the resistance 
R659» ‘The purpose of the valve V655 is to stabilise the current through the 
Klystron. The grid of the valve V655 is fed from a potentiometer Rgs,, R655. R656» 
R657 and R658 aoross the «1800 volt aupply. This potentianeter draws about +5 mA. 
The ratio these resistance ia such that the grid potential is approximately 50 
volts above the HT negative potential and is decoupled to the -1800 volt line by 
C650e ‘The cathode resistance R659 is 8000 ohms. Due to the current flowing through 
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the valve, the valtage developed across this resistance is about 52 volts} and 
the cathode sheretcce sita at 52 volts above the -1800 volt line. The valve is 
accordingly biased about 2 volts. ‘the cathode current is of the order of 605 mAs 


271. The height tube end the F.P.1I. tube have their various electrodes fed fran 
two potentiometer chains connected between +300 valts and -1800 volts, and +1800 
volts and -1800 volta respectively. The resistance R¢73 and Ré7, are common to 4 
both chainse The junction of R¢73 and R67, has a voltage of approximately 100 volta 
above the -1800 volt line, and the screen of V655 is connected to this point. 


2726 Current through the valve divides between anode and acreen, the anode 

current being approximately 6GmA and the sereen current .5 mAs ‘The anode t is. 
the feed current to the Klystron valvee The action of V655 is to maintain this feed 
current at a constant value in spite of fluctuations in the value of the nominal 
“1800 volt supply.e Suppose, for instance, that this supply falls slightly, the 
current through Rgsg will fall and the grid voltage applied to V655 between grid and 
cathode, ieee the an » Will fell, allowing the valve to become more conducting so 
. that the resistance of the valve will fall and compensate for the reduced HT surphy 
available. The reverse process will occur if there is any rise in the voltage of 
the line, By this means the current is kept steady. 





. 273. This steady current flowing through the resistanée Rééjin parallel with 
~ the variable resistance VR650, causes & constant voltage drop across this. latter | 
. and a selected fraction of this voltage drop is applied from the slider of the 

potentioneter to the reflector electrode of Y65i,« The value. available is between 
260 volts and 4.00 volts negative to the cathode of lyst 
reflector voltage being set by the ratio of R662 to thet of REEL and VR650. in 

parallel. C652 decouples the reflector electrode to the cathode of the Klystrone 





2744 The control VR650 ia mounted on the front panel af the indicating wit and 
is labelled "mixer current". ‘The meter which indicates the DC camponent of the 
current passing through the crystal mixer in the TéR unit is also mounted on the 
indicator panel, ‘This meter is coupled to the T&R unit through pins lL and 12 of the 
cany plain Weplug on the indicator, via. the junction box 


275 The connection between the crystal current and the reflector voltage is 
somewhat indirect and to underatand how the alteration of reflector voltage affects 
orystal current and to see how the best setting of reflector voltage can be obtained, 
the following explanation is givens As has been stated in the paragraphs dealing 
with the TER unit, the DC camponent of the crystal current is obtained by. 
rectification of the output of the local oscillator. ‘The crystal current reading 
is therefore an indication of the joint performance of the crystal and local 
oseillator. If it has been established by measuring the back=% tonfront ratio of 
the orystal with an Avameter that the orystal performancs ie up to standard, then 
the crystal current reading is evidently a measure of the output of the ‘Local 
oacillators 








276 As VR650 is operated, the voltage on the reflector electrode af the 
Klystron is varied. This varies the spacing between the electron bunches which 
strike the rhumbatron orifice. The Klystron will oscillate most strongly when 
these bunches are arriving at exactly the right interveia on their return journey 
through the orifice to produce a field which 1a in phase with the field generated 
by them on their outward journey (see Klystron operation, 9.D.0169, Chapter 9). 
The oscillation frequency is determined by the physical volume of the rhumbatron _ 
cavitys Slight changes in the power supply voltage wlll result in slight changes 
in the spacing between the bunches of electrons and the impulses will not be 
applied to the resonant cavity at exactly the right BOER: to couse maximum feed 
back of energys The empli tude of oscillation will accordingly die down samewhate 
The effect of changes in the power supply voltage on ‘fs oscillator amplitude can 
be mi pauni. sed by carefully setting the reflector voltage. 
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REFLECTOR VOLTAGE (MIXER CURRENT CONTROL) 


Fig. 60 Cryetal current control 





277. The relationship between exryatal current and reflector ‘woltage for 


different settings of the reflector voltage control. is given in fige6O This 


figure shows that as the voltage on the reflector is suuredsed, the crystal current 
rises sharply to a meaximm about .6 m4 and then fells away rather more gradually. 
if the mixer current control therefore is turned through the maximum position until 
it arrives aay at point Boon the curve on the fairly flat portion past the maximm, 
it is obvious fran the shape of the curve that small variations of reflector 
voltage will not result in serious fluctuations of the crystal current. Furthermore, 
should a sharp fall in supply voltage occur, such ag might happen due to a sudden 
change in engine speed, there is no danger that the voltage will fall sufficiently 
far for the oscillations to die cute If » however, the equipment were being 
operated at the point A, a fall in reflector voltage might easily extinguish 
oscillation. 











_ 278+ The procedure therefore in setting the controls is to turn it slowly fran 
ite SEC © ~biwolLosk: ih ae position im a clockwise direction through the peak 
osclilation t> a setting where the meter reading falls gradually but is stable. 
the peak shou.d be about +6 mA and the stable reading obtained should be between 











ei9e It is not desirable that too great a local oscillator voltage should be 
applied to the crystal mixer as this tends to swamp the received Signalse The amount 
of energy transferred to the crystal mixer chamber can therefore be varied by 
‘varying the coupling between the concentric cable and the cavity at the local 
oscillator end. Energy is withdrawn fron the cavity by means of a loop attached to 
‘the inner of the cable and projecting into the cavity. 


280. The degree of coupling can be varied by rotating the plane of this loop 
80 ag to intersect more or leas of the field in the cavity. Adjustment is made by 
ioosening the screwa holding down the clamping plate which in its turn secures the 
plug fixed to the panel. When the clamp plate screws are loosend, the plug, line 
and loop may be rotated together to adjust the coupling. 


 2ble These two items of the HS equipment will be considered together and with 
| them will be considered briefly the action of the DR canpass. 





282. On the scammer unit there is the scanner mirror and its driving motor, the 
magslip for controlling the orientation of the picture of the P.P.I. tube in the 
indicator, and the repeater motor which controls the position of the stators of the 
magslip. | . 


283. ‘In the searner assembly, which during operation is contimally rotating, 
arrangement has to be made to feed the transmitter energy through a concentric cable 
part of which is attached to the stationary part of the seanner assembly and part 
Of which rotates with the scanning mirrer. The method of transferring the energy 
from the stationary concentric cable to the rotating section is to use a capacity 
sleeve. This is illustrated in fig.66. | 
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Fige 66 Capacity Sleeve 





284. A wave guide terminated by an orifice situated at the focus of the mirror: 
radiates the R.F. pulses» A probe is used to convey the energy from the concentric 
“cable to the wave guide which is rectangular in section. This probe which 
actually terminates the inner of the concentric projects into the side of the wave 
guide. 


285. ‘The motor driving the seamer is supplied from a b-pin Weplug from the 
power unit, pins 1, 2 and 3 being paralleled to the positive side of the 24. volt 
aeroplane DC supply and pins 4, 5 and 6 being para. .leled to the negative side. ‘The 
magsiip which is mounted on the séanner assembly is driven through a lo: 1 gear : 
from the scanner driving motor and the cam for operating the heading marker contacts 
is mounted on the same shaft as the magslip rotors These units are shown. on the 
ecireuit diegrem, figs65. . | 





286. To vary the angle of tilt of the scanner mirror a circular wedge is used 
between the motor turntable and the back of the mirror. To ensure correct 
alignment engraved lines are provided on the scanner table and the rotating mirror. 
When assembling the thinnest part of the wedge must line up with both these lines. 
Three bolts mitually at 120 degrees. are used for fixing and incorrect nounting 
can throw the heading marker cut by 120 degrees on either side. 


_ 2876 The other item of equipment which is mounted on the seanner unit is the 
Sompass repeater motor, type Me Before going into details as to how this operates, 
we will give a short explanation of the operation of the DR Compags. 


283. The DR Canpass is a magnetically controlled compass and the actual compass 
needle is mounted in an instrument which can be stowed away in some part of the 
aircraft which is remote fron magnetic influence (esge the engines). 
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2896 In other parts of the airoral. where a compass indication is required, 
Shall repeater compasses are mounted which derive their operating impulses fran 
the master compasse The system used io relay the direction of the master compass 
needle to these remote indicators is called a repeater motor system. The repeater 
isa cards through a 60 : 1 step down ratio gearing 





motors are geared to the compa 
and are fed by a j-wire cable fran the master compass. By an ingenious syatem of 
cams and contacts the compass repeaters can be made to take up twelve different 
angular positions, lees positions at every thirty degrees round the canplete 
circle. 








Principle of the repeater motor 


290+ The way In which this is brought about is as follows ~ on the motor there 
are three field windings whese axes are mutually inclined to each other at 120 
degrees as shown in fige6& The inside ends of the three field windings are joined 
together as shown and either +24, volts or O volts or -2h volts can be applied to the 
outer ends of the windinggs ‘The twelve alternative positions are shown in fige68, - 
and the voltages which are applied in each case are as shown. These voltages arrive 
via three transmission lines which we will call I, Il, III. ‘the twelve sets of 
combinations we will call cem position or arrangement 1, 2, 3 e+. 12. ‘the 
application of positive, sero or negative volts in these different positions will 
then be in accordance with the table given in fige67. 


_ @9he To see how the application of these voltages affects the resultant field 
in the repeater motor, let us examine a few of the alternative arrangementse 
Taking arrangement 1, we have that the winding connected to red has positive applied 
to it; that comnected to bleck has also plus 24V applied to it and at green minus 
24, is applied. The current will therefore flow in at the red and black connections 
and out at the greens If we cbtain the vector sum of the fields due to the currents 
in the windings connected to red and black we find that this lies along the line 
Corresponding to 300° and is in the same direction as the field due to the current 
in the winding connected to greene ‘he rotor therefore sets in the direction 
indicated by the arrow (3009). Considering now arrangement 2, i.e. red positive, 
black zere and green negative current is flowing in at red and out at green and 
there is no field due to the winding connected te black. ‘the fields due to red 
and green add up in the manner indicated and the resultant is along the 330° line. 
The reason for the directiona of the resultant field in the remainder of the 
 &rrangements can be worked out from the figures. 


_ 2926 To produce these positive, negative and zero voltages, & system of cams 

is used operating relay contacts, the whole being geared to the main shaft of the 
Master canpass. ‘This system of cams and contects is sometimes referred to ag the 
transmitter. 
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2936 Since the power obtainable fran a Single coanpass needle is quite 
inadequate to work ail this machinery, the master compass has to incorporate 
some system which will be stable in operation and reasonably robust. The principle 
of the gyroscope is employed for this purpose because its axis of rotation is a 
comparatively stable thing in space. 


2942 The system employed is to use an electrical relay clreuit which, as it 
were, interrogates the compass needle every six seconds to determine whether it 
has moved relative to its mountings, or to be more accurate, whether its mountings, 
Which are actually attached to the aircraft frame, have turned round due to a 
change in the aircraftcourse whilst the canpass needle has remained stationary 
pointing to magnetic North. If there has been relative motion in either direction, 
& correction is applied magnetically to the gyroscope to pull it round in the 
required direction, It is the position of the axis of the gyroscope which operates 
through a system of auxiliary motors and gear the cams and contacts which fom 
the tranamitter to energise the repeater motors and dials in other parts of the 
aircraft. Very steep banking in violent evasive action may destroy the balance 
of the gyroscope and accordingly provision is made for the direction of the 
repeater motors to be reset after such actions The unit used to perform this 
function is the heading control unit. 


275« We have already said that the repeater motor is geared by a 60: 1 step~ 
down gear to the compass card. ‘The transmitter cams in the master compass are 
8O geared to the master unit scale that the compass card actually moves in step 
with the motion of this seales When we use ihe cepeater motor to contral the 
position of the magslip stator windings which we do in the HeS equipment, as we 
wish this to follow the direction of the compass needle we also introduce here a 
60 : 1 gear.® 


Heading Control Unit 


296. This unit contains what is virtually a hand-operated transmitter motor for 
turning the magslip stators by hand when it is desired to set them at the commence+ 
ment of a flight or after violent evasive action, as outlined above. It consists 
merely of a set of cama which are all mounted on one shaft, though shown separately 
for the sake of clearness in the diagram, and a set of three contacts exactly like 
the transmitter on the master canpasse A manual-auto switch throws over the 
circuit from control by this moter to control, by the DR compass. 





* Full details of the DR compass are given in A.P.1275B, VoleT, Section 3, Chape7. 
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INDICATING UNIT TYPE 162 REF. NO. 1 6010 2nd Edition 


aot 


L650 
C666 


C662 
C658 
C663, 670 
C653, S5rs 

664, 
668, 669, 
673, 678, 
680. 


C657 


C674, 677+ 


C655, 659, 
672 ? 679. 


C652 


C650, 651 


M.650 
MO 650 


R664, 
R728 


R701, 702, 
708, 709. 


106/11968 
1006/4871 
10¢/11133 
106/421, 
1006/5974 
106/11952 
106/1,801 
106/11127 


1006/5975 
10¢/11125 
106/11961 
1000/5977 


106/11123 
1060/4176 

106/11123 
100/211960 
106/11123 
100/12772 
106/13238 
10/4190 

100/12778 
1008/2919 


1006/4214 


51/276 
104/13475 
10KB/928 


106/10983 
1006/102h7 
106/9274, 





Nastencla ture 


Chokes, H.-F. Type 42) 


1eOjur. * 20%, 450V 
1.0 mF = 20%, 500v. 
Oe 5 jae < 10%, 2 KV. 
023 pe = 20%, 450V. 
015 aPe = 20%, 150V- 
“LA. = 20%, 450V. 
o1L AP = 20%, 500V. 


a < 20%, L50V. 

005 Fe 4 20%, Soo. 

002 lhe = 20%, 205kV. 
laa ; 

a foal es 20%, i, 50V0 


+01 AP. = 254, 1, 000V. 

+01 Pe = 20%, 7507. 

001 xFe < 24, L, OOOV. 

201 jee ~ 20%, 1, 000¥. 

+01 uF. = 25%, 1, OOOV. 

001 AF. < 20%, L, 500V. 

2005 me = 10%, 450V. 

“Od uP. = 20%, 500v. 

50 pmuP. = 5%, 2, 500V. 

Right angled drive, through bevel wheels 
for turning plunger on CV¥67 fron front 
panel. Sy 5* x 2° x 2" overall, with 
spindle 25" x 3" dian. at right angles. 
soi ™ 10%, 2, OOOV, paper, rectangular 
ie 


CASO. 
lemps, filament, be 5Ve; Oe} ampe M.B.S. 
Milliammeter, Type N. 0 ~ 1 ma» 


Motor Unit, Type 15. Comprising motor, 
blower and filter unit. 


he? Me * 52, we 
202 Me > 20%, WW. 
1.8 mM. 2 5%, Iw. 
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Nomenclature 








R677 100/10245 1.2 Me * 10%, dw. 
R671 1006/9280 1.5 M. = 208, dw. 
R663, 667 100/1098i, 1.2 Me = 50, dw. 
(2 in parallel 
to form R667) 
RO Sh, 655; 106/9077 lu 24, IW. 
R726, 727 100/1207 | lM = 10% ww. 
R713 10/6962 1M = 20%, dw. 
R718, 719s L0C/7885 | lM = 5a, dy. 
R693 106/9282 «| «680K t 5%, dw. 
R694, 695 106/915 620K * 54, dw. 
696, 697 
R667 106/ | 600K 2 off 1.2 weg, resistances in 
| parallel 
R687 106/8305 : 510K = 5%, dv. 
R657 100/645 | n7oK t 56, da. 
R698 LOG/B 71h 390K = 104 iW. 
R669, 670 1oc/ 9279 590K * 5%, $y. 
1605, 690 1006/7950 270K = 10%, 2H 
R692 100/928) 180K = 5%, du. 
Ro52, 653 106/92/1 L5OK = 20a, 2W. 
R673 | 10/6959 | isoK + 20%, tu, 
R650, 652 oom — | look 2 20%, 2m, 
R658 L0G / 6629 | LOOK = 2%, HW. 
R672 100/1968 | look = 54, dy. 
R74 1060/6961 | LOOK = 20%, Aw. 
R730 1006/1303 LOOK = 55, dW. 
R732 LOC/9166 51K = 5.2, 2h. 
| R678, 679 106/790? 47K = 20%, AW. 
R700, 706, L00/9284, LIK = 5:3, We 
1075 Tile 
Rp29 1060/8188 47K = 200, HW. 
| MoGG 1606/9113 47K = 54, dw. 
kh662 L0C/9272 43K © 55, 2 
| R661 1060/9275 2hK = Sto, Ws 














R699 
R705, 704, 710, 711 
R724, 725 

R659 

R723 

R52 
R105, 


88, 
7350 


R669, 
R691 
R734, 
R/15 
R721 
R680 
VR655 
VR650 
VR656 
VR657 


712, 682, 
716, 717, 


a: 


VR652 
VR659 
R681, 689 
1650, 651, 6526 
T653 
V650, 651, 653. 
V652 
V655 
V654. 


CRT650 
CRT651 
V658, 65% 
V656, 657. 








hassel aie 


Ref. Ncw 


1060/8146 
106/9288 
1006/1288 
106/567 
106/10985 


| Loc/9ll2 
| 1060/6398 


100/6705 
1060/6654 
1060/9252 
10¢/9110 
10c/7860 
1070/6663 
1006/9291 
L0C/9303 
100/9304, 


| 2100/9310 


106/9312 
1060/9313 


1006/9311 
106/931, 
106/9315 
1060/1820 
10KB/929 
10KB/930 
LOK/11446 
108/114,8 
10E/ 587 
1LOz/CV67 
108/466 
108/758 


| 108/11540 


100/12116 


106/12115 
100/11281 
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Nomenclature 





qrembae nite Mather 


22k = 20, xis 
20K + 5%, ai. 
1oK + 54, 1W. 
8K * 2%, lW. 
keo™K © 5t, 1We 
204K = So, SW. 
ex t 5a, dW 


ix * 20%, iv. 
ix * 204, */10W. 
270 ohms = 5%, iW. 


220 ohms = 5%, dW. 

200 ohms = 54, iW. 

100 ohms = 20%, iv. 

1 Meg. ~ 20%, 1W. variable. 

1 Meg. + 20%, lw. variable. 

1 Meg. * 20%, lW. variable. 

1 Meg. = 20%, We variable. 
500K = 20%, 1W. variable. 

500K = 20%, 1W. variable linear. 


200K = 20%, lW. variable. 

100K = 20%, lw. variable. 

5x = 20%, lw. variable. 

10K = 5%, 2W, carbon, non-insulated. 
Transformer 

Transformer 

Valves, Type VR65. Sereen Pentode. 
Valves, Type VR67. Triode. 

Valves, Type VI60A. Output tetrode. 
Valves, Type CV67. 

Valves, Type VCRL39A. 

Valves, Type VCR517. 


Valves, Type VR78- Diode. 
Valves, Type VR92. Diode. 
LMH = 5 
ik. “ 15h 


05 + 5 uP = 15%, 202kV. + 262kV. Whee 





Circuit Ref. 


cl, 


Ch, 
L3, 


Rl, 


C3, C10. 
C13 
C5, C12. 


cil $ R31. 
L3 


Cll 
R31 


Ce7 


C8 
Cob 


C9 

Re 23 
Re 20 
Re 2l 
Re 39 
Rel9 
Re27 
Re26 


R2, R35, Rhe 


R18 
Rel6 
Rel7 
Re Li, 
Rel5 
Re& 


RLO, R11 


R22 
R13 


R53 
R28 


1006/2391 
1060/2448 


1LODB/1254, 
100/12476 


LOC/4,.927 
1000/1847 
100/5022 
100/51, 
1006/2017 


1006/4271 
1006/8373 
100/6115 
100/9475 
1006/1850 
100/64.76 
1060/9690 


100/10,94, 


1006/8225 
1006/6320 
106/681,0 
100/6838 
1060/1850 
100/6322 
100/94,81 
1060/6356 


or 1006/8655 


1060/8373 
106/10493 
1060/8225 


1006/9042 
106/6083 
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106/10823 


LAr. = 10%, 250Ve, De. Wee 

+05 AF = 10%, 3.5kVe Whee 

1 uF = 10%, 400V. DeCe Whee 

L.F. Unit, Type 2 Tuned circuit to 25 ko/s- 


Choke, 4. mH = 5%, wound on 15" 0.D. 
former 3" long. 


Ol juke = 10%, 350¥. D.C. 

262K = 20%, dw. 

1002 Fe = 10%, 350Ve De. Whe 
+0005 ue = 2%, 350Ve DeC. Weg 


+0003 uF. = 2%, 350V. D.C. Whege 
Silvered mica, protected, wire ends. 


+0001 uP. = 10%, 350V. DeCe Whee 
329M = 5%, S. 
lock. = 5. 

33K. = 555, QWs 

be 7K. £ 2073, AW. 
1.2K. = 10%, dw. 
160 ohms. = 54, dW. 
110 ohms. = 52, dw. 
I * 200, 1W. 
470K. £ 20%, iy. 
100K. + 20, iw. 
22K. 2 20%, BW. 

le 7K» = 20;, Hi. 
im = 204, dw. 

68 ohms. = 50, 1W. 
be 7Ks = 10d, We 
100K. = 20%, lW, Variable. 
3o9Me = Sj, 3We 
lim = 52, ow. 

lu. = 20%, 1W. 
20K. * 5%, dW 

1k. = 20%, dy. 


Cireult Hef. 





RY 1000/9926 
Re 29 1006/1089 
Rel2 1000/1842 
Ro 25, Re 30 1000/6927 
Re By Re 35 106/195h, 
Toh LOKB/ 807 
Tel 10KB/1052 
v6 108/587 
DCD.WTeVz, Vo | 1ozk/2i1 
LOE/CV54 
Vig V5 LOE/92 
V7 LOB/CV73 
Vg 108/CV85 
CK303 10¢/11972 
CK302 100/12899 
CK300, 301 106/11971 
0302 100/NIV 
1060/9806 
C303 LOG/NIV 
106/9382 
C300, 301 100/NIV 
10¢/11975. | 
C304, 10C/NIV 
or 
1060/4330 
MR300 $7300? 1ODB/1177 | 
SOL (W301. ) 
83 (Ba) one 





Refs Noe Le 
6.8K. = 20%, 3We 
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Nomenclature 


eR aiden or ul 


309K» = 10%, He 

150 ohms. * 10%, dW. 

47 ohma. © 20%, 2M. 
Resistance, Type 195) 

Pulse, Intervalve Transformer 


Transformer, Input: 80. A.C. 
Output: LIAVe, Se Sena; be 4V, *, 5A; 

be 2V, 2e5A3 
29/16" x 2 5/16" x 15" 
overall. 

Valve, VI604 

Valve, VU133 

oR 

Valve, CVS 

Valve, VR9L 

Valve, CV73 

Valve, CV85 

LORB/ 747 

Gnake, Le Fe 329 4 

5 He @ 1OnA 19" x 15" x 23", 2 Micing 


holes 3200 turns @ 37 SWG. 

Chokes, L.Po, Type 420 2.6 He @ 200 mA, IkV 
insulation. Laminated iron core. 2100 turns 
@ 35 SWG. 

Chokes, LvF., Type 352 2l He @ ifm, D.C. 
5500 turns of 38 SWG, "Presspalm" former, 
13/16" square. 

8 ut = 10%, 400V. D.C. 

2pat = 10%, 250V. 

2 pat = 10%, 250V. 

Condener juf = 10%, 2,000v. 


Condenser, Type 3701 
iat me 10%, 2, 000V. 


Condenser: lf - 164, 400V D.C. 
Condenser, Type 2235, 1 jt ~ 104, 400V D.C. 


Rectifier, Selenium. 2.23" long x #" 4 BeAs 
threads. 


Rectifier, Selenium. 14" long x 3" diam 
4, BeAe mounting threads, and side tags. 


M1 SPR a ANI ce PC kin 
Ww teuy VACA ASEAN SS Rd de AULA UPAR RLM rE LUE re QL URLS Le PR) RIS enc) CA eee RIO prt Unig ie crd cnc CHE RN evr les rants evict ics ep 7 i 
NEDA A Sts TORRES LR LE TALE ny Ly Aaa LLL | UA a tre PATE AS |UD | Anes te 


* 
HIP te 
sera SR pars esset pet bie aU iw feof. pe TOS In TEE: 
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RY300(A) 10F8/651 Relays, Magnetic, Type 468. 
RY301(B) 1OFB/652 Relays, Magnetic, Type 469. 
RY302(C) 10FB/653 Relays, Magnetic, Type 470. 
RY303(D) | lOFB/654. Relay 6250 ohms to operate on 4e5 mA HL Vs 
insulation, L.V. spring seta. 
Left Hand:~ 1M.1B. light 
Right Hand:= 1 C/O light. 
RY30L,(E) LOFB/655 Relay 1,000 ohms to operate on 18V. Double 
relay, HeV. insulation. 
Left Hand:= 1B, light, 1M. heavy. 
Right Hand:~ 1+ 3M. light. 
RY305(P) LOFB/656 Relay 1,000 ohms coils, 18V mine operating 
voltages Double relay. 
Left Hand:= 2, heavy bas 24V) 
Right Hand:= 1M. light (60m4. 24,¥) 
R328 1006/8192 2.2m * 20%, dw. 
R30, 305, | 100/10785 | Soox = 5% 
306, 310, 
311, 332. 
R333, 338 1060/1796 470K = 10%, 2w 
R325 1060/8304 390K + 10%, dW. 
R330 1006/9126 | 390K ~ 10%, dW. 
R309, 331 100/10786 | 300K = 5%, lw. 
R318 100/9649 300K * 24, dy. 
R33b, 339 1006/9276 | 250K > 5¢ 
R326 1006/9125 | 150K = 20%, ty. 
R316 106/6629 lock = 2%, sy. 
R329 1060/8151 look = 2%, iw. 
R320 1060/8173 | 33K * 20%, 2w. 
R32h 1006/6844, 33K = 20K, lw. 
R321 1060/8782 | 27K = 10%, 2W. 
R313, 314. | 1060/8186 22x + 20%, dV. 
R307, 308, 1006/6706 10K = 20%, iw. 
317, 3196 
R322 1060/1830 1oK = 20%, 1¥. 
R323 2100/6595 | 10K = 20%, dw. 
R340 10/9090 2.2K + 52, tw 
R300 10/9317 1.2K = 54, Sw. 
R342 100/10932 | 680 ohms * 54, ow. 


Circuit Ref. 


R327 
R337 
T3500 


T302 


T3501 


T3053 





1006/6705 


| 100/10788 
| LOKB/931 


LOKE/932 


1OKB/933 


| 10KB/934. 


Ref. Nos 
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Nanenclature | _— - 


Resistance, Type 6785, 1K. 
Reaistance, Type 3574, 10 ohms. 


Transformer, Type 1113 

Overload relay. 

Primary:~ 700 turns, of 32 SWG ename copper Wires 

Sec 7 3 6 turns, 17 SWG enam. copper wire. 
(ii) & turns, 17 SWG enam. copper wire. 

Transformer, Type lil, H»T. High Valtagee 

Primary:~ SOV, 500-2500 cycles per seconds 

Secondary:~ 24.60V RMS 2 identical secundarica, 

each with filament winding 4K, tapped on 5 turns, 

2335s turns, 51) turns. 


Transformer, Type 1115. 
. B0V Ase 
Secondary:- 49 2A, 1800V insulation. 


Heater. 


Transformer, Type 1116 
He Te and Biase 
Primary:~ 80V Bee 
Secondary:= (i) 5V Jas 
(44) 6e3V, Gao 
(444) 310~30-0-30=310V. 


RECRIVER TYPE R3515 REF. NO. 10DB/6060 


Chek, Che 
410 


4.50 

401, 
427, 
4530 


428, 
4,63. 


C432, 429, 


L39e 


C31 


100/11958 
100/1,871 
or 
106/11133 
106/11952 


106/4,801 


or 
100/11127 
1006/5356 
1060/5975 
100/112 5 
100/11953 
106/11957 
1006/5977 


or 
100/11123 


100/11956 
1060/4872 


2aF = 10%, 400V. 
1 aP = 20%, 450V. 
L/uF = 200, 500V. 
+15 uF = 20%, 450V. 


el juF = 20/4, 450V- 


“Lr = 20:3, 5O00V. 
+05 uF = 20j% 450V. 


+05 uF £200, 500V. 
-05aF = 5,5, 450V- 

+023 Aur = 200, &50V. 
OL uP = 20:4, 450V> 


201 juP = 254 1, 000V. 
+0035 Aa = 10m, 450V. 
230 = 24, 350V. 


OM IEE OT eA oe dre des Sw ind ain Lehi ts ly ret et Nl OAT ML errno F mim duce re ~ 
HM Pd AN mot hud coeur) SL ROC MOCARLE MHOC RRR COMO TAR TN marred hppa re Mn A Citta ERT ey LETANtRIA ENN ALIN ERTS eee NYA MAAR CYR) Mot TRA SIErESeTewn ssp ik lh TURES ect ited ne ME ee nm 
Aah OR FRY RAR read i rca PREAH 


Ionia nase pager METNOREMRDnD Na mmr RM AR ran APH RalemerT br rT3T Alar RAL re AR TH ARCH: RA Ye 
Attemanre el ™ I CHRP A AHPC FT CIMT CTS AER t-PA A AR rT Cec ah i eh nce 


Circuit Ref. 


C4,61 
Ch03, 462 


CL05, © 
C109 


ChLl = C420 
Chy9 = ChOL 


Tid. 
Ll, 2» 3, Gs 
L5 


i7,8;9,10, 
11,12,13- 


Cl, by 6,795, 
9,10, 11,13, 
15,16,17,18, 
19,20, 21, 22, 
23, 2lny 25, eb, 
27 920,29, 30,5 
by 525355539 
36, 37, 38,40, 
bed. g byt ghd y dey 
15,465,478 
02,5512, Lb. 
05, 39s 

C3. 

REO 


Roe 


R63 

R62, 
R20, 22 
RG, 37s 

RBS 


RAO, Cle 


REO 
R55, 56 








1006/4798 
1060/5989 


100/11965 


106/11966 


106/11967 


106/11962 


100/4,152 


100/11963 
106/11961, 


100/41.92 


1600/5983 
1060/5356 


L0C/11937 


1006/1823 
1006/7057 


106/10784. 


1006/1005 
106/9087 
1000/8186 
1006/9082 
106/8092 
100/921,3 
1000/6623 


Ref. Noe 


EORTC Later erry ss SA LAMM ep pele a > 
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Nomenclature 


| 150 uP - 2% 350V- 


5 yur « ey 350V. 
339 by 


Tnductance - Condenser Unit, ‘type 29s 
2 units on single mounting 
(4) Single transit delay of 1 5 
and characteristic capeaahas of 2,000 ohms. 


(ii) Single transit delay of 3 eS and. 


characteristic Impedance 4,,000 ohmse 


Inductance ~ Condenser Units, Type 30+ 

Single transit delay of < /8e and sharacteristic 
impedance of 270 ohmae 

Inductance ~ Condenser Units, Type 31 

Single transit delay of 8 aS. and 
characteristic impedance of 1,000 ohms» 

74. turns, 30 SWGe 

85 Micro-Henries, 195 turns, 41 SWG. 

85 Micro-Henries, 195 turns 41 SWG. eureka. 


8 tappings, 7 sections, 44 turns in each, 
20 SWGe enamelled coppers 


20023 mid. + 200, 500V- 


2000 mfd = 2,4, 350V. 

el mfd = 52, 450V. 

5 pfde £50, 750V. Silvered mica, tropical. 
75K * Say 2We 

1.0K = 2a Bie 

36K 2 5, Live 

27K = 5.0, 4W 
24K = 5, Be 
22K 2 20a Bile 
20K = 5, IW. 


15K * 5.5, give 


15K = 20% ail. 
L5K = 200, We 


chreutt Ref 


R25, 26 1006/1955 
R16 10¢/9081 
R6 | 1060/7284, 

R29, 45 106/990 

R54, 626 100/10346 

R22, 38. 1060/8766 

R30, 46+ 100/6937 

Re, 8 1060/1980 

R51 106/1115 

RW 1060/8332 

R7,9,10,213, 1060/1867 

sL7,18, 

27, 28, 32, 

355, 36, 39, 

435 bly hS, 

52, 53, 57, 

Py 15,2hy 3h, | 1060/1038 

42,1,8e 
RI | 100/852 

R53, 23,12, 106/8821 

31, 41, i,7 

Ly, 15. | 1OKB/912 

116,17. | 10KB/913 

118, 19 and 1OKB/914 

122, 240 

L20, 21 and 10KB/915 

L2hy 25 

L26, 27- 10KB/916 
v7 108/105 

Vl, 2, 3, 4, | 108/11446 

y Ve 

v8 108/11399 

RY4,00(A) 10/650 

RY401 (3B) 10FB/667 

R425 1006/9115 

R435 106/9075 

RiA3h 1006/9073 

Rabi, 455, 106/6605 

40, 407, 


448, 458. 
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1K + 204, ae 
1K + 54, lw. 
10K * 2%, $w. 
6.8K 2 5%, aw. 
6.2K = 5%, aie 
566K = Sti, ae 
3.6K * 5%, 4W. 
3K = 54, aM 
a t 5%, dw. 
165K = 57, ae 
IK = 20%, jw. 


180 ohms = 10%, 4. 


‘51 ohms = 54, 3M. 


10 ohms = 20%, jw. 


i Transformer Type 1094, 
1 Transformer Type 1095 
2 Transformer, Type 1096 


2 Transformer, Type 1097 


1 trensformer, Type 1096 
Type VR92. Diode. 
Sereened Pentode. Type VR65 


Beye, Hiagnetic Type 467. 
Relays, Magnetic ‘Type 4.82. 
he 7M = 20%, dW. 

2M = 2%, lw. 

1.5M = 2%, lw. 

im = 20%, dw. 


) r 
mo «(bre al eS LA cepa bce itso Be canned LO 
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Nomenclature 


100/7364 | 1M * 5%, dw. 





R437 1060/9077 Im = 14, 1W. 
RL6O | 1060/9123 | Siok + 5%, iw. 
Bi00 1006/6754 | 500K = 2%, dw. 
R64, 1060/6589 500K ~ 1%, dw. 
R419 100/9353 | 350K * 2%, dW. 
R35 106/9072 | 300K * 2% Iw 
R431 1006/9120 | 2h0K 2 5%, du. 
R420 1006/9069 200K + 2%, dW. 
R430 1oc/glig «| 91K t 54, dw. 
R427 | loc/ga1e «=| Sax £5, bw 
R410 100/913 | 47K + 54, dH 
R28 106/9117 | 39K * 54, dw. 
R426 | 100/907. | 35K 2%, dW. 
R450 100/618 | 30K * 5%, dw. 
Ru.36 106/6756 25x = 2%, dw. 
RA39 1006/1541 | 20K = 54, dw. 
R06, 4430 1006/1916 15K =~ 5h, 2W. 
R423 1006/9355 13K = 2%, lw. 
R452, 463. 1006/6595 | lox + 20%, dw. 
RLOh, | 1006/7957 | 10K * 10%, 4w. 
R422 100/9070 | 1loK = 25, 1”. 
R429 10c/9118 | 7.5K + 5%, dw. 
R438 1060/9122 { 5.1K = 5%, dw. 
BL59 | 1060/8149 | 4.7K + 204, dH. 
R62 100/912, | 4e7K * 5%, dw. 
P45 1060/7059 | 4k + 2x, dw. 
R456 1000/6401 | 3K * 54, dw. 
R403 1060/9112 204K 2 54, dw. 
R4A2 1060/6398 ax = 5, dW. 
RY4.09 106/704.2 2x * on, dw. 


R466 106/10292 | 1.8K 2 10%, 4. 
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R455 1006/6393 15K = 56, We 
R405, 408, 1006/8762 IK = 204, SW. 
MEME 
465, 45h, 

PA5L, 457» 1006/1678 1K = 54, dW 

RAL9 106/9107 510 ohms = 5/4, 2W. 

RAL. 1006/9252 270 ohms = 54, dy. 

RLS 106/9110 220 ohms = 54, dw. 

F532 1060/9121 180 ohms = 10%, 3H. 

R421 1060/9251 1,0 ohms = 2:3, dw. 

$4.00 LorB/665 8.P. 9 way, single wafer. 

TLO2 10KB/917 | Heater transformer. 


Prim. BOV. 14.00"2800 Ge Peo Se 
Secaudary: Ge3V, 405 Ac 
60 3V, 3e5de Cee 
6s 3V; 2e DAs Ce T. 


7101 1LOKB/919 Pulse 1:1 transformer 
Primary 160 turns 
RIGA. Ty 80 + 80 turns 39 S.W.G. 
y between 2 secondaries. 





T1O00 LOKB/918 Pulse 1:3 transformer 
Prima 200 turns, 55 SeWeGe 
Seana 300 + 300 turns 35 S.W.G 
ry between 2 secondaries. 


V403, 40h, 108/116 Screened Fentode. ‘Type VR65 
411, 409. | 
W401, 402, 108/114,02 Screened Pentode, International octal. 
407, 408, Type VR56~ 
4l2s 
V4.00, 405, 108/11401 Double diode~triode, International octal. 
be Type VR55e 
TRANSMITTER RECEIVER, TYPE TR. 3191 REF. NO.10D8/1003 
W410 108/11400 Double diode, International octal. 
Type VR5k. 
C100 106/11959 +05 pat = 204, 1000¥. D.C. 
VLOO, RLO6, 10AB/1791 Valve CV4.3 with heater. 
RLO7. 
RLOL 1060/8225 1 Meg. = 205, IW. 
R1LOO 1006/9599 430K > 5:4, lw. 
R1O5 1006/9142 LK = 15%, 20W. 
RLO2 106/950 75 ohms = 54, aW. 
T101 10KB/889 Transformer, Primary: 80 volts 


Secondary: (1) AV. (41) 605V. 


Circuit Ref. 


Refs Noe 
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Nomenclature 
Transformer: Primary 405 turns of 26 SHG. 
enam. copper wire. 
Seo : 70 + 70% turns of 32 SWG. ename 
copper wire 3kV» input; Output via 135" 
matched braided output conductor. 
O11 filled version in sealed containers 


Valves, Type CV64. 
Valves, Type Vilil 
Valves, Type CV101 
Valves, Type VEL36 


WAVEFORM GENERATOR TYPE 26 REF. NO. 1OVB/6004, 


T1L02 10KB/890 
Vi01 10B/CV6, 
V102 108/146 
V103 | 108/CV101 
W125 108/386 
C500 1060/5977 

C501, 514, 515,)100/4802 

510, 517, 5236 

C502, 512s 1006/5974, 

526, 5276 

C504, 505, 506,|100/11935 

and 507- 

C508, 535. 100/11952 

C525, 5136 1L0C/4197 

C516 1006/5795 
C519 100/11953 

C520, 530, 529«}10C/2003 
C522 106/3526 
C521 1006/5975 

106/4,190 

C524, 532 1006/5356 

C528 106/119 46 

C531 106/2890 

0533 106/11953, 

C534. 106/11955 
C518, 539 100/5782 
C538, EeMere 100/10887 
version only. 

or 

R.P.Ue version 10C/ 3128 
only» 3 used in 
paraliel. 

oa and 1088/725 

501(M 

R500 100/64,72 


oOL mea * 20%, 450V. 


Ool mfd. = 204, 450 Ve 


0.23 mide = 20, 450 Ve 
1 mfa = 205, 450V. 


»O1L mfd = 14, 350 Ve 


Co15 mfa = 204, 450V- 
20005 mod * 2c, 350 Ve 

O05 mfd = 204, 450V. 

0005 mfa = 54, 450V. 

Oel mfa = 104, 450V. 

Os 001 mfd = 200, 450V- 
0.05 mfad = 20%, 450V. D.C. 
-OOL mfd > 20, 500Ve D.C. 
Oo mod > 5,4, 450Ve 

50 pfd = 14, 350Ve D.C. 

1 mfa = 104, 450V. 

1 mfa = 5%, 450V. 

0.15 mod = 5%, 450V- 
0.0015 mfad = 5%, 350V. 

6 mfa = 10%, 400V. 


2 mfd = 104, 400V. 


Relays 


220K = 200, $We 


R501, 537, 552, 
555e 


R502 
R503 
R504, 515 
R505 
ROit 
R507 
R508 


R518, 524 
ROLY 


R527 
R529, 550, 


5532 560, 
561, 5696 


R534 
R555 
R536 
R538 
R539 


106/68)0 


1060/9057 
1106/7282 
1060/9464, 
1006/9356 
1006/9058 
1060/9059 
106/9060 
1060/7572 
100/7057 
1060/1207 
1006/9002 
1006/9062 
1006/9245 
1006/9601 
106/818 
100/91,68 
1060/9063 
100/754 
1000/9064, 
1iv5/10496 
1006/1848 
1060/6322 


106/7525 
100/6754. 
1006/8342 
1006/6758 
1060/7048 
1006/7828 
100/74.66 
106/1001 
1000/6838 
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Nomenclature 


100K = 204, 4W. 


750K = 2%, 3W 
250K + 2,4, $e 
36K = 5, 2We 
2uK + 5%, 3W. 
27K £14, dW 
18K = 1s, sie 
20K = le, He 
LOK = 1%, $i. 
LOK & 2%, iW. 
1 Meg. * 104, 3¥- 
15K = le, 3We 
35K = 1, 2H 
50K + 1%, We 
303K = Si, die 
15K = 5%, SWe 
2.2K = 54, he 
25x £14, BW. 
560K = 10;, ow 
30K = 1%, dH. 
270K > 5, $We 
267K = 5%, Hie 
1 Mege = 20%, 4. 


150K = 2%, dW. 
500K * 2%, 3. 
250K = 1%, WW. 
350K = 1%, dW. 
LOOK = 1%, $i. 
150K = 20%, 4W. 
2.2 Meg = 20%, $We 
2K = 5%, dW. 

22K = 204, Hie 


Chroutt Ref, a 
ROAL 


1006/6115 

R543 | 1060/6319 

1060/6629 

| For Replace~ | 1006/9069 

ment if nece~| 106/9603 

aeary, on 1006/6617 

test, of LOOK 106/6756 
= 2%, dW. 


Hayes Type 
| 72511 RB 

2100/7525 
106/9625 
R5L6 | 1060/6083 
RSL? 106/9602 
R548 106/77 5h. 
R549 1006/1619 
R512 106/64,75 
R556 1006/8389 
1006/9065 

R567, 568 106/777 
R559 100/9603 
R563 1000/6597 
R562 106/9604, 

R5 100/56 
R566 | 10¢/1109 
R568 | 100/1051 
1006/1299 
R572 100/9066 
R573 1000/9592 
R575 100/184, 
R576 100/670 
R577 | 100/872h, 


R580 | 2106/9583 
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1oox * 5%, tw. 
680K. = 20%, dw. 


| 1ooK = 24, iw. 


200K = 2%, dH. 
12K = 2%, dW. 
50K = 2%, dW. 
25K = 2%, dw. 


| 15cx * 2g, dw. 
| 75K = 28, dW. 


ix = 20%, dw. 
9.1K 2 5%, dW. 


| 47 coms = 20%, dW. 
| 300 ohms * 5%, dw. 
| 200K = 5%, dw. 


68K = 5%, dw. 


| 400K = 5%, dw. 


lox = 5%, dw. 


| zoK £ 56, dW. 
| 250 * 5%, Pa 
| 620K = 5%, dw. 
| 20K * 5%, 2H. 
| ax + 54, dW. 


75K = 5%, 1We 
15K = 54, IW. 

1.5 Megs > 2%, dW 
1.3K = 5%, dW. 


| 510 ohms * 5%, dw. 


130 ohms = 5%, dw. 


Circuit Ref. 


T5OL 


V502 


V509, V5LO 


V511 





| 
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Ref. Noe Nomenclature 





1060/7756 6.2K = 50, Sie 
106/930 1 Megs = 5, $W. 
1006/6615 1 Mege = 2, dW. 
1060/9067 2 Mege = Qo, Bite 
1060/7669 2 Mege = 20%, dw. 
100/754 560K = 10, oWe 
106/927 220K = lOc, BWe 
1006/6079 10K * 200, Zi. 
100/8192 2e2 Mege = 200, Gis 
1006/6705 1K = 200, 4W. 
1060/9619 55K <2, Awe 
106/3613 25K = 200, lv. 
10KB/911 Transfomaer, Type 1093 
Primary: 80V. 1400=- 2800 cs/sec. 
Secs: 501 5050150, LA; 
3015-0-5015Vey Zhe 
LOKB/910 Transformers, Type 1092 
Primary: 3200 turns, 4.2 5wG enameiled 


copper wire, plus 3200 turns 
38 SVG enamelled copper wire. 
Sec: (i) 800 + 800 turns 42 SiG. 


Cae 


copper wire + 265 turns 31 
SWG enamelled copper wire. 


V504, V505, V506, 108/11446 Valves, VR65 
V507, V508, V512.) 


V500, V501, V5034 108/11,02 Valves, VR56 


106/12,,01 Valves, VR55 


| 108/21400 | Valves, VR5, 
4 


enamelled copper wires 
(ii) 265 turns 31 SWG enamelled 
108/266 Valves, VR116 
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